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I.  The  Bakerian  Lecture,  on  some  new  Phcenomena  of  Che- 
mical Changes  produced  by  Electricity,  particularly  the 
Decomposition  ofthejixed  Alkalis,  and  the  Exhibition  of 
the  neiv  Substances  which  constitute  their  Bases ;  and  on 
the  general  Nature  of  alkaline  Bodies,  By  Humphry 
Daw,  Esq.  Sec.  R.  S.  M.R.LJ.'i' 

I.   Introduction.  , 

J.N  the  Bakerian  Lecture  which  I  had  the  honour  of  present- 
ing to  the  Royal  Society  last  year,  I  described  a  number  of 
decompositions  and  chemical  changes  produced  in  substances 
of  known  composition  by  electricity,  and  1  ventured  to  con- 
clude from  tiie  general  principles  on  which  the  phaenomena 
were  capable  of  being  explained,  that  the  new  methods  of 
investigation  promised  to  lead  to  a  more  intimate  knowledge 
than  had  hitherto  been  obtained,  concerning  the  true  ele- 
ments of  bodies. 

This  conjecture,  then  sanctioned  only  by  strong  analo- 
gies, I  am  now  happy  to  be  able  to  support  by  bume  con- 
clusive facts.  In  the  course  of  a  laborious  experimental  ap- 
plication of  the  powers  of  electro-chemical  analysis,  to 
bodies  which  have  appeared  simple  when  examined  by  com- 
mon chentical  agents,  or  which  at  least  have  never  been 
decomposed,  it  has  been  my  good  fortune  to  obtain  new  and 
singular  results. 

Such  of  the  series  of  experiments  as  are  in  a  tolerably 
mature  state,  and  capable  of  being  arranged  in  a  connected 
order,  I  shall  detail   in   the  following  section.;,  particularly 

*  From  Philosopliical  Transactions  for  1S08.    Fait  I. 
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those  which  demonstrate  thfdecoinpositlon  and  c(>mp()sItion 
of  the  fixed  alkahs,  and  the  production  of  the  new  and  ex- 
traorciinarv  bodies  which  constitute  their  ba^es. 

In  speaking  of  novel  methods  of  investigation,  I  shall  not 
fear  to  be  minute.  When  the  common  means  of  chemical 
research  have  been  employed,  I  shall  mention  only  results. 
A  his'orica)  detail  of  the  progress  of  the  investigation,  of  all 
the  difficulties  that  occurred,  and  of  ihe  manner  in  which 
they  were  overcome,  and  of  all  the  m.-unpr.iaiions  employed, 
would  far  exceed  the  limits  assigned  to  this  lecture.  It  is 
proper  to  state,  however,  that  when  general  facts  are  men- 
tioned, they  are  such  only  as  have  bi'vii  deduced  fron)  pro* 
cesses  carefully  performed  and  often  repealed. 

II.  On  the  Methods  used  for  f!.r  Decom/iosilion  of  the  fixed 
ALiu-s. 

The  researches  I  had  mauc  on  the  decomposition  of  acids, 
and  of  alkaline  and  earthy  neutral  compounds,  proved  that 
the  powers  of  electrical  decomposition  were  proportional  to 
the  strength  of  the  opposite  c  c-ctricities  in  the  circuit,  and 
to  the  conducting  power  and  degree  of  concentration  of  the 
inalerials  employed. 

In  the  first  attempts  that  I  made  on  the  dteompo-itioii 
of  the  fixed  alkalis,  I  acted  upon  aqueous  solutions  of  pot- 
ash and  soda,  saturated  at  common  temperatures,  by  the 
highest  electrical  po\\er  I  could  command,  and  which  uas 
produced  by  a  combination  of  Voltaic  batteries  belonging  to 
the  Royal  Institution,  containing  24.  plates  of  copptr  arid 
zinc  of  12  inches  square,  100  plates  of  six  inches,  and  150 
of  four  inches  square,  charged  with  solutions  of  alum  and 
nitrous  acid  ;  but  in  these  cases,  though  there  was  a  hl;rh 
intensity  of  action,  the  vvater  of  the  solutions  alone  was 
affected,  and  hydrogen  and  oxygen  disengaged  with  the 
production  of  much  heat  and  violent  effervescence. 

The  presence  of  water  appearing  thus  lo  prevent  anv  de- 
composition, I  used  potash  in  igneous  fusion.  By  niuans  of 
a  stream  of  oxygen  gas  from  a  gasometer  applied  to  the 
flame  of  a  spirit  lamp,  which  was  thrown  on  a  platina  spoon 
containing  potash,   this  alkali  was  kept  for  sonic  minutes  \\\ 
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a  strong  rcvl  heat,  and  in  a  state  of  perfect  fluidity.  The 
spoon  was  preserved  in  coininunicaiion  wiih  the  positive  side 
of  the  battery  of  the  power  of  100  of  six  inches,  highly 
charged  ;  and  the  connection  from  the  negative  side  was 
made  bv  a  platina  wire. 

By  this  arrangement  some  brilliant  phoenomena  were  pro- 
duced. 'I  he  potasli  appeared  a  conductor  in  a  high  degree, 
and  as  long  as  the  coinnumication  was  preserved,  a  most  in- 
tense light  was  exhibited  at  the  negative  wire,  and  a  column 
of  flame,  which  seemed  to  be  owing  to  the  devvU>pment  of 
combustible  matter,  arose  from  the  point  of  contact. 

When  the  order  was  changed,  bo  that  the  platina  spoon 
was  made  negative,  a  vivid  and  constant  light  apocarc-d  at 
the  opposite  poini  ;  there  was  no  elTecl  of  mtiammation 
round  it :  but  aeriform  globules,  which  inflamed  in  the  at- 
niosphare,  rose  through  the  potash. 

The.  platina,  as  mi^ht  have  been  expected,  was  consider- 
ably acted  upon  ;  and  in  the  cases  when  it  had  been  nega- 
tive in  the  highest  degree. 

The  alkali  was  apparently  dry  in  this  experiment ;  and 
it  seemed  probable  that  the  inflamn)able  matter  arose  fronn 
its  decomposition.  The  residual  potash  was  unaltered  :  it 
contained  indeed  a  number  of  dark-gray  metallic  particles, 
but  these  proved  to  be  derived  from  the  platina. 

I  tried  several  experiments  on  the  electrization  of  potash 
rendered  fluid  by  heat,  with  the  hopes  of  being  able  to  col- 
lect the  combustible  matter,  but  without  success;  and  I 
only  attained  my  object,  by  employing  electricity  as  the 
common  agent  for  fusion  and  decomposition. 

Though  potash  perfectly  dried  by  ignition  is  a  noncon- 
ductor, yet  it  is  rendered  a  conductor  by  a  very  slight  ad- 
dition of  nioisture,  which  docs  not  perceptibly  destroy  its 
aggregation;  and  in  this  state  it  readily  fuses  and  decom- 
poses by  sironsc  electrical  powers. 

A  small  piece  of  pure  potash,  which  had  been  exposed 
for  a  few  seconds  to  the  atmosphere,  so  as  to  give  conduct- 
ing power  to  the  surface,  was  placed  upon  an  insulated  disc 
of  platina,  connected  with  the  negative  side  of  the  battery 
©f  the  power  of  250  of  six  and  four,  in  a  state  of  intense 
A3  activity; 
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activity;  and  a  platina  wire,  conuniinicating  with  the  po- 
sitive side,  was  brought  in  contact  with  the  upper  surface  of 
the  alkali.  The  whole  apparatus  was  in  the  open  atmobphere. 

Under  these  circumstances  a  vivid  action  was  soon  ob- 
served to  take  place.  The  potash  began  to  fuse  at  both  its 
points  of  electrization.  There  was  a  violent  effervescence  at 
the  upper  surface;  at  the  lower,  or  negative  surf  ice,  thtre 
was  no  liberation  of  elastic  fluid;  but  small  globules  having 
a  high  metallic  lustre,  and  being  precisely  similar  ni  visible 
characters  to  quicksilver,  appeared,  some  of  which  burnt 
with  explosion  and  bright  fl  nne,  as  soon  as  they  were  formed, 
and  others  remained,  and  were  merely  tarnished,  and  finally 
covered  by  a  white  film  which  termed  on  their  surfaces. 

These  globules,  numerous  experiments  soon  showed  to  be 
the  substance  1  was  in  search  of,  and  a  peculiar  inflnmrnable 
principle  the  basis  of  potash.  I  found  that  the  platina  was 
in  no  way  conntcted  with  the  result,  except  as  the  medium 
for  exhibiting  the  electrical  powers  of  decomposition  ;  and  a 
substance  of  the  same  kind  was  produced  when  pieces  of 
copper,  silver,  gold,  plumbago,  or  even  charcoal  were  em- 
ployed for  completing  the  circuit. 

The  phaenomenon  was  independent  of  the  presence  of  air ;. 
I  found  that  it  took  place  when  the  alkaii  was  in  tlie  vacuum 
of  an  exhausted  receiver. 

The  substance  was  likewise  produced  frcMii  potash  fused 
by  means  of  a  lamp,  in  glass  tubes  confined  by  mercury, 
and  furnislied  with  hermetically  inserted  platina  wires  by 
which  the  electrical  action  was  transmitted.  But  this  ope- 
ration could  not  be  carried  on  for  any  considerable  time; 
the  glass  wa$  rapidly  dissolved  by  the  action  ot  the  alkali, 
at)d  this  substance  soon  penetrated  through  the  body  of  the 
Vube. 

.  -Soda,  when  acted  upon  in  the  same  manner  as  potash, 
exhibited  an  analogous  result;  but  the  deeompos-iiion  de- 
manded greater  intensity  of  action  in  the  batteries,  or  the 
alkali  was  required  to  be  in  much  thinner  and  smaller  jiieees. 
With  the  battery  of  100  of  six  inches  In  full  activity  I  ob- 
tained good  results  from  pieces  of  potasli  ALighing  from  JO 
to  70  giams,  and  of  a  thickness  which  made  the  distance  of 

the 
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the  electrified  metallic  surfacts  nearly  a  quarter  of  an  inch  ; 
but  with  a  similar  power  it  was  impossible  to  produce  the 
effects  of  decomposiiion  on  pieces  of  soda  of  more  than  15 
or  20  grains  in  weight,  anti  that  only  when  the  distance  be- 
tween the  wires  was  about  -i-th  or -j^th  of  an  inch. 

Tne  substance  produced  from  potash  remained  fluid  at  the 
temperature  of  the  atmosphere  at  the  time  of  its  production  ; 
that  from  soda,  which  was  fluid  in  the  degree  of  heat  of  the 
alkali  durinij;  its  formation,  became  solid  on  coolin^j  and 
appeared  having  the  lustre  of  silver. 

When  the  power  of  250  was  used,  with  a  very  high 
charge  for  the  decomposition  of  soda,  the  globules  often 
burnt  <at  the  moment  of  their  formation,  and  sometimes 
violently  exploded  and  separated  into  smaller  globules,  which 
flew  with  great  velocity  through  the  air  in  a  state  of  vivid 
combustion,  producing  a  beautiful  effect  of  continued  jets 
of  fire. 

ill.   Theory  of  the  Dc  cow  posit  ion  of  the  fixed  Alkalis  ;  their 
Compositio?!,  and  Production. 

As  in  all  decompositions  of  compound  substances  which 
I  had  previously  examined,  at  ihe  same  time  that  combus- 
tible bases  were  developed  at  the  negative  sni'fad'eMn  the  elec- 
trical circuit,  oxygen  was  produced,  and  e\''olveH  or*  carried 
into  combination  at  the  positive' surface,  it  \Vd§  reasonable 
to  conclude  that  this  substance  was  generated 'fe' a  similar 
manner  ty  the  electrical  action  upon  the  ifkalls]  ahd  a 
liumber  of  fexj^'etnmetits  made  above  mercury,  with  the  ap- 
paratus for  excluding  external  air,  proved  that  this  Was  the 
cake.  -      ''  ■  '•    i 

'  'When  solid  potash, -or  soda  in  its  conducting  state,  was. 
included  in  glass  ttibes  furnished  v^'ith  electrified  platina 
wires,  the  new  substances  were  generated  at  the  neoative 
surfaces;  the  gas  given  out  at  the  other  surface  proveil  by 
the  most  delicate  examination  to  be  pure  oxvgen  ;  and  un- 
less an  excess  of  Water  was  present,  no  gas  was  evolved  from 
the  negative  surface. 

Inthe  synthetical  experiments,  a  perfect  coincidence  like- 
wise will  be  found. 

A  4  Tmen- 
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I  mentioned  that  the  metallic  lustre  of  the  substance  from 
potash  immediately  became  destroyed  in  the  atmosphere, 
and  that  a  white  crust  formed  upon  it.  This  crust  I  soon 
found  to  be  pure  potash,  which  immediately  deliquesced, 
and  new  quantities  were  formed,  which  in  their  turn  at- 
tracted moisture  from  the  atmosphere  till  the  whole  globule 
disappeared,  and  assumed  the  form  of  a  saturated  solution 
of  potash  *. 

When  globules  were  placed  in  appropriate  tubes  contain- 
ing common  air  or  oxyjren  gas  confined  by  mercury,  an 
absorption  of  oxygen  took  place  ;  a  crust  of  alkali  instantly 
formed  upon  the  globule;  but  from  the  want  of  moisture 
for  its  solution,  the  process  stopped,  the  interior  being  de- 
fended from  the  action  of  the  gas. 

With  the  substance  from  soda,  the'appcarances  and  effects 
were  analogous. 

When  the  substances  were  strongly  heated,  confined  in 
given  portions  of  oxygen,  a  rapid  combustion  with  a  bril- 
liant white  flame  was  produced,  and  the  metallic  globules 
■were  found  converted  into  a  white  and  solid  mass,  which  in 
tlie  case  of  the  substance  from  potash  vi'as  found  to  be  pot- 
ash, and  in  the  case  of  that  from  soda,  soda. 

Oxygen  gas  was  absorbed  in  this  operation,  and  nothing 
(emitted  which  affected  the  purity  of  the  residual  air. 

The  alkalis  produced  were  apparently  dry,  or  at  lca«t 
contained  no  more  moisture  than  might  well  be  conceived 
to  exist  in  the  oxygen  gas  absorbed;  and  their  weights 
considerably  exceeded  those  of  the  combustible  matters  con- 
sumed. 

The  processes  on  which  these  conclusions  are  founded 
will  be  fully  described  hereafter,  when  tlie  minute  details 
which  are  necessary  will  be  explained,  and  the   proportioris 

♦  Water  likewise  is  decomposed  in  the  process.  We  shall  hereafter  see 
that  the  bases  of  the  fixed  alkalis  act  upon  this  substance  with  greater  cm-rgj 
than  any  other  known  bodies.  The  minute  theory  of  the  oxidauon  of  th^ 
bases  of  the  alkalis  in  the  free  air,  is  this: — oxygen  gas  is  first  attracted  by 
them,  and  alkali  formed.  This  alk.iii  .'-pcedily  absorbs  water.  This  water  i, 
again  decomposed.  Hence,  during  the  conversion  of  a  globule  into  alkaline 
4olution,  there  is  a  constant  and  rapid  disengngeincnt  of  small  inuntities  uf 
g-.i,. 
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of  oxygen,  and  of  the  respective  inflammable  substances 
which  enter  into  union. to  form  the  fixed  alkalis,  will  be 
given. 

It  appears  then,  that  in  these  facts  there  is  the  same  evi- 
dence for  the  decomposition  of  potash  and  soda  into  oxygen 
and  two  peculiar  substances,  as  there  is  for  the  docomposi- 
tian  of  sulphuric  and  phosphoric  acids  and  the  metallic  ox- 
ides into  oxygen  and  their  respective  combustible  bases. 

In  the  analytical  experiments,  no  substances  capable  of 
decomposition  are  present  but  the  alkalis  and  a  minute  por- 
tion of  moisture  ;  which  seems  in  no  other  way  essential  to 
the  result,  than  in  rendering  them  conductors  at  the  sur- 
face:  for  the  new  substances  are  not  generated  till  the  inte- 
rior, which  is  dry,  begins  to  be  fused  ;  they  explode  when 
in  rising  through  the  fused  alkali  they  come  in  contact  with 
the  heated  moistened  surface  ;  they  cannot  be  produced  fron» 
arystallized  alkalis,  which  contain  much  water;  and  the 
effect  produced  by  the  electrization  of  ignited  potash,  which 
contains  no  sensible  quantity  of  water,  confirms  the  opinion 
of  their  formation  independently  of  the  presence  of  this  sub- 
stance. 

The  combustible  bases  of  the  fixed  alkalis  seem  to  be  re- 
pelled as  other  combustible  substances,  by  positively  elec- 
trified surfaces,  and  attracted  by  negatively  electrified  sur- 
faces, and  the  oxygen  follows  the  contrary  order *j  or,  the 
oxygen  being  naturally  possessed  of  the  negative  energy, 
and  the  bases  of  the  positive,  do  not  remain  in  combination 
when  either  of  tjiem  is  brought  into  an  electrical  state  op- 
posite to  its  natural  one.  In  the  synthesis,  on  the  contrary, 
the  natural  energies  or  attractions  come  in  equihbnuni  with 
each  (;ther;  and  when  these  are  in  a  low  state  at  common 
temperatures,  a  slow  combination  is  effected  ;  but  wljcn  they 
are  exalted  by  heat,  a  rapid  union  is  the  result  j  and  as  in 
other  like  cases  with  the  production  of  fire. — A  number  of 
circumstances  relating  to  the  agencies  of  the  bases  of  the 
alkalis  will  be  immediately  slated,  and  will  be  found  to 
offer  confirmations  of  these  general  conclusions. 

*  See  Baksrian  Lecture  18C5,  pag-e  2S  of  Phil.  Trans,  few  ISO". 
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IV.   On  the  Properties  and  Nature  of  the  Basis  of  Potash. 

After  I  had  delected  the  bases  of  the  fixed  alkalis,  I  hact 
considerable  difficulty  to  preserve  and  confine  them  -o  as  to 
examine  their  properties,  and  submit  them  to  experiments  } 
for,  like  the  alkahests  imagined  bv  the  alchemists,  they 
acted  more  or  less  upon  almost  every  body  to  which  they 
were  exposed. 

The  tiuid  substance  amouost  all  those  I  have  tried,  on 
which  I  find  they  have  lea^i  eflect,  is  recently  distilled  naph- 
tha.— In  this  material,  when  excluded  from  the  air,  they 
rem^Ivi  for  many  days  without  considerablv  changing,  and 
their  physical  properties  may  be  easily  examined  in  the  at- 
mosphere wl;en  they  are  covered  by  a  thin  film  ot  it. 
,  The  basis  of  potash  at  60  Fahrenheit,  the  temperature  in 
which  I  first  cxan)ined  it,  aj^pi-arcd,  as  I  have  already  men- 
tioned, in  small  globules  possessing  die  metallic  l«stre, 
Opacity,  and  general  appearance  of  mercury  ;  so  that  when 
A  elohule  of  mercury  was  placed  near  a  globule  oi'  the  pe- 
culiar sulistance,  it  was  not  possible  to  detect  a  difference 
by  the  eve. 

At  60°  Fahrenheit  it  is  hcnvcvcr  only  inipcrfectiv  fluid, 
for  It  docs  not  readilv  run  into  a  globule  when  its  shape  is 
altered;  at  70°  it  becomes  more  fluid;  and  at  100°  its  flu- 
idity is  perfect,  so  that  diflefent  globules  may  be  easily  made 
to  run  into  one.  At  50^  Fahrenheit  it  becomes  a  soft  and 
malleable  solid,  which  has  the  lustre  of  polished  silver  ;  and 
at  about  the  freezing  point  of  wn.ttr  it  becomes  harder  and 
brittle,  and  when  broken  in  fragments  Exhibits  a  crystallized 
texture,  which  in  the  microscope  seems  composed  of  beautii'ul 
facets  of  a  perfect  whiteness  and  high  metallic  splendour. 

To  be  converted  into  vapour,  it  requires  a  temperature 
tipproachnig  that  of  the  red  heat  ;  and  when  the  experiment 
is  conducted  under  proper  circumstances,  it  is  found  unal- 
tered after  distillation. 

It  is  a  jxM-fect  conductor  of  electricity.  When  a  spark 
from  the  Voltaic  battery  of  100  of  six  inches  is  taken  upon 
a  large  Ldobulc  \u  the  atmosphere,  the  light  is  green,  and 
combustion  takes  place  at  the  point  of  contact  only.   When 

a  small 
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S  small  globule  is  used,  it  is  completfly  dissipnted  with  e:^plo- 
sion  accompanied  by  a  most  vivid  flame,  iiilo  alkaline  fumes. 

It  is  an  excellent  conductor  of  heat. 

Resembling  the  metals  in  all  these  sensible  properties,  it 
is  however  remarkably  different  from  any  of  them  in  sjiecific 
gravity  ;  I  found  that  it  rose  to  the  surface  of  naphtha  di- 
stilled from  petroleum,  and  of  which  the  specific  gravity  was 
•861,  audit  did  not  sink  in  double  distilled  naphtha,  the 
specific  gravity  of  which  was  about  '770,  that  of  water  being 
considered  as  one.  The  small  quantities  in  which  it  is  pro- 
duced by  the  highest  electrical  powers,  rendered  it  very 
difficult  to  determine  this  quality  with  minute  precision.  I 
endeavoured  to  gain  approximations  on  the  subject  by  com- 
paring the  weights  of  perfectly  equal  globules  of  the  basis 
of  potash  and  mercury.  I  used  the  very  delicate  balance  of 
the  Royal  Institution,  which  v\hcn  loaded  with  the  quan- 
tities I  employed,  and  of  which/the  mercury  never  exceeded 
ten  grains,  is  sensible  at  least  to  the  -^'0-0*^  o^  a  grain. 
Taking  the  mean  of  four  experinients,  conducted  with  great 
care,  its  specific  gravity  at  62°  Fahrenheit,  is  to  that  of 
mercury  as  ten  to  -223,  which  gives  a  proportion  to  that  of 
water  nearly  as  six  to  ten;  so  that  it  is  the  lightest  fluid 
body  known.  In  its  solid  form  it  is  a  little  heavier,  but  evert 
in  this  slate  when  cooled  to  40  Falirenheit,  it  swims  in  the 
double  distilled  naphtha. 

'    The  chemical  relations  of  the  basis  of  potash  are  sli'l  more 
extraordinary  than  its  physical  ones. 

I  have  already  mentioned  its  alkalization  and  combustion 
in  oxygen  gas. — It  combines  with  oxygen  slowly  and  'Aitb^' 
out  flame  at  all  temiieralnres  that  I  have  tried  below  that  of 
its  vaporization. — But  at  this  temperature  coiT'.bur,tion  takes 
place,  and  the  light  is  of  a  brilliant  whiteness  and  the  heat 
intense.  When  heated  s-lowiy  in  a  (|u.i!Uitv  of  oxvgen  gas 
not  sufficient  for  its  complete  con  .T,ioa  into  potash,  and 
at  a  temperature  inadequate  to  ils  infla-nniation,  400**  Fah- 
renheit, for  instance,  its  tint  changes  to  th:it  of  a  red  brown, 
and  when  the  heat  is  withdrawn,  ail  the  oxygon  is  found  to 
be  ab'^orbcd,  and  a  solid  is  formed  of  a  grayish  colour,  which 
partly  cou'sisii  of  potash  and  partly  of  tb.e  basis  of  potash  in 
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a  U)wer  degree  of  oxygenation, — aiul  which  becomes  potash 
by  being  exposed  to  water,  or  by  being  again  heated  in  fresh 
qu;^ntities  ot  air. 

TIk-  sLibscauce  consisting  of  the  basis  of  potash  combined 
with  an  under  propcMtion  oF  oxvgen,  nuiv  likewise  be 
formed  by  fusing  dry  potash  and  its  basis  toge'hcr  under 
proper  ciremnstances.- — I'he  basis  rapidly  loses  'ts  metallic 
splendour;  the  two  substances  unite  into  a  compound,  of  a 
red-brown  colour  when  fluid,  and  of  a  dark  grav  hue  when 
solid  ;  and  this  compound  soon  absorbs  its  full  proportion 
of  oxygen  when  exposed  to  the  air,  and  is  wholly  converted 
into  j)(Uash. 

And' the  same  body  is  ofien  formed  in  the  analytical  ex- 
periments when  the  action  of  llie  electricity  is  intense,  and 
the  potash  much  heated. 

The  basis  oC  potash  when  introduced  into  oxymuriatic 
acid  gas  burns  spontaneously  with  a  bright  red  light,  and  a 
white  salt  proving  to  be  muriate  of  potash  is  formed. 

When  a  globule  is -heated  in  hvdrogeii  at  a  degree  below 
its  point  of  vaporization,  it  seems  to  dissolve  in  it,  for  the 
gfobule  diminishes  in  volume,  and  the  gas  explodes  with 
alkaline  fumes  and  bright  light,  when  suficred  to  pass  into 
the  air;  but  by  cooling,  this  spontaneous  detonating  pro- 
perty is  destroyed,  and  the  basis  is  either  wholly  or  princi- 
pally deposited. 

The  action  of  the  basis  of  potash  on  Mater  exposed  to  the 
atmosphere  is  connected  with  some  beautiful  phcenomena. 
When  it  is  thrown  upon  water,  or  v.hcn  it  is  brought  into 
contact  with  a  drop  of  water  at  common  temperatures,  it 
decomposes  it  with  great  violence,  an  instantaneous  explo- 
sion is  produced  with  briiruini  (lame,  and  a  solution  of  pure 
potash  is  the  result. 

In  experiments  of  this  kind,  an  appenrance  often  occurs 
similar  to  that  produced  by  the  combustion  of  piiosphuret- 
ted  hydrogen  ;  a  white  ring  of  smoke,  which  gradually  ex- 
tends as  it  rises  into  the  air. 

When  water  is  made  to  act  ujionthe  basis  of  potash  out 

of  the  contact  of  air  and  preserved  by  means  of  a  «.>hiss  tube 

under  naphtha,  the   decomposition   is  violent ;  and  there  is 
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much  beat  and  noise,  but  no  kiniinous  appearance,  and  the 
ga:i  evolved  when  examined  in  tiie  mercurial  or  water  pneu- 
matic apparatus  is  found  to  be  pure  hydrogen. 

When  a  globule  ot'  the  basis  of  potash  is  placed  upon  ice 
it  instantly  burns  with  a  bright  flame,  and  a  deep  hole  is 
made  in  tae  ice,  which  is  fouiui  to  contain  a  soU.iion  of 
potash. 

The  theory  of  the  action  of  the  basis  of  potash  upon  water 
exposed  to  the  atmosphere,  though  complicated  changes 
occur,  is- far  from  being  obscure.  The  phaenomena  seem  to 
dcjjend  on  the  strong  attractions  of  the  basis  for  oxygen  and 
of  the  potash  l''.>rnied  for  water.  The  heat,  which  arises 
from  tvvo  causes,  deconjposition  and  combinatinn,  is  suffi- 
ciently intense  to  produce  the  inflammation.  Water  is  a  bad 
conductor  of  heat  ;  the  globule  swims  exposed  to  air  ;  a  part 
of  it,  there  is  the  greatest  reason  to  believe,  is  dissolved  by 
the  heated  nascent  hydrogen;  and  this  substance  beii)g  ca- 
pable of  spontaneous  innammation,  explodes,  and  conmiu- 
nicates  the  lileor  of  combustion  to  any  of  th'^  basis  that  may 
be  yet  uncon)uiried. 

When  a  globule  confined  out  of  the  contact  of  air  is  act'- 
ed  upon  by  water,  .the  tbeorv  of  decomposition  is  very  sim- 
ple, the  heat  pnduced  is  rapidly  carried  off,  so  that  there  is 
no  ignition  ;  and  a  high  temperature  being  requisite  for  the 
solution  of  the  basis  in  h\  drogen,  this  combination  probaWy 
does  not  take  place,  or  at  least  it  can  have  a  momentary  ex- 
istence only. 

The  production  of  alkali  in  the  decomposition  of  water  bv" 
the  basis  of  potash  is  demonstrated  in  a  very  simple  and 
satisfactory  manner  by  dropping  a  globule  of  it  upon  moist- 
ened paper  tmged  with  turmeric.  At  the  moment  that  the 
globule  conns  into  contact  with  the  water,  it  burns,  and 
moves  raj)idly  upon  the  paper,  as  if  in  search  of  moisture, 
leaving  behind  it  a  deep  reddish-brown  trace,  and  acting 
upon  the  paper  precisely  as  dry  causiic  potash. 

So  strong  is  the  attraction  of  the  basis  of  potash  for  oxy- 
gen, and  so  great  the  energy  of  its  action  upon  water,  that 
it  discovers  and  decomposes   the   small   quantiiies   of  water 

contained 
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contained  in^alcohol  and  ethcTj  even  when  they  arc  carefully 
puri   ed. 

In  eihcr  this  decomposition  is  connected  with  an  instruc- 
tive result.  Potash'is  insoluble  in  this  fluid;  and  when  the 
basis  of  potash  is  thrown  into  it,  oxygen  is  furnished  to  it, 
and  hydrogen  gas^  disengaged,  and  the  alkali  as  it  forms 
renders  the  ether  white  and  turbid. 

In  both  these  inflammable  compounds  the  energy  of  its 
action  is  proportional  to  the  quantity  of  water  they  contain, 
and  hydrogen  and  potash  are  the  constant  result. 

'i'iie  basis  of  potash  when  thrown  into  solutions  of  the 
mineral  acids,  inflames  and  burns  on  the  surface.  When  it 
is  plunged  by  proper  irieans  beneath  the  surface  enveloped 
in  potash,  surrounded  by  naphtha,  it  acts  upon  the  oxygen 
with  \\vc  greatest  intensity,  and  all  its  eflects  are  such  as 
may  be  explained  from  its  strung  aflinity  for  this  substance. 
In  sulphuric  acid  a  white  saline  substance  with  a  yellow 
coating,  which  is  probably  sulphate  of  potash  surrounded  by 
sulphur,  and  a  gas  which  l.as  the  smell  of  sulphureous  acid, 
and  uhich  probably  is  a  mixture  of  that  substance  with  hy- 
drogen gas,  arc  formed.  In  nitrous  acid,  nitrous  gas  is 
disengaged,  an'.'  ni'rate. of  potash  formed. 

The  basis  of  potash  rc.idily  combines  with  the  simple  in- 
flimoiable   solids,  and    with    the   metals  ;   w iih  phosphorus 
and  sulphur,  it  forms  compounds  similar  to  the  metallic 
.  phiKsphurets  and  sulpburets. 

When  it  is  brought  in  cor.lact  with  a  piece  of  phosphorus 
and  pj-essed  upon,  there  is  a  considerable  action  :  they  be- 
come fluid  together,  burn,  and  proihiee  jihosphate  of  p,)tasht 
V/hcn  the  experiment  is  made  under  najihtha,  their  combi- 
nation takes  place  wit'af)Ut  ihc  lil)eration  of  aiiy  elastic  mat- 
ter, and  thcv  form  a  c  inpound  wliich  has  a  considerably 
higher  point  of  fusion  than  its  tw.i  constituents,  and  which 
ren»a;ns  a  siJf  solid  mi  boiling  naphtha.  In  its  appearance 
it  peilcelly  acrees  vMin  a  meialhc  phosphuret,  it  is  of  the 
colour  of  U'.,u,  and  when  spread  .uit  ha.->  a  lustre  similar  lo 
p'Misli.d  lead.  When  cxpo-ed  to  air  at  common  ter.ipcra- 
turts,  it   slowly  coniuiiiLS  with  oxrgen,   and  beiome  phos- 
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phate  of  potash.  When  heated  upon  a  plate  of  platina,  fumes 
exhale  from  it,  and  it  docs  not  burn  till  it  attains  the  tempe- 
rature of  the  rapid  combustion  of  the  basis  of  potash. 

When  the  basis  of  potash  is  brought  in  contact  with  sul- 
phur in  fusion,  in  tubes  lilleil  wii-i  ihc  vapour  of  naphtha, 
they  combine  rapidly  with  the  evolutionof  heat  and  light, 
and  a  grav  substance,  in  apptarancfe  like  artificial  sulpluiret 
of  iron,  is  forn)ed,  which  if  kept  in  fusion,  rapidly  dissolves 
the  glass,  and  becomes  bright  brown.  When  this  experi- 
ment is  njade  in  a  glass  tube  hermetically  sealed,  no  gas  is 
liberated  if  the  tube  is  opened  under  mercury  ;  but  when  it  is 
made  m  a  lube  connected  with  a  iTiercuriaJ  apparatus,  a  svnali 
.quantity  of  sulphuretted  hycfrogen  is  evolved,  so  that  the 
phenomena  are  similar  to  those  produced  by  the  union  of 
sulphur  with  the  metals  in  which  sulphuretted  hydrogi-n  is 
likewise  disengaged,  except  that  the  ignition  is  stronger*. 
When  the  union  is  effected  in  the  atmosphere,  a  great  in- 
flamnuUion  takes  place,  and  sulphuret  of  potash  is  formed. 
The  sulphuretted  basis  likewise  gradually  becomes  oxvcc- 
nated  by  exposure  to  the  air,  and  is  finally  converted  iiuo 
sulphate. 

The  new  substan-^e  produces  some  extraordinary  and  beau- 
tiful results  with  mcrcurv.  When  one  part  of  it  is  added  to 
eight  or  ten  parts  of  mcrcurv  in  volume  at  60^  Fahrenheit, 
they  instantly  unite  and  form  a  substance  exactly  like  mer^ 
cury  ill  colour,  but  which  seems  to  have  less  coherence,  for 
small  portions  of  it   appear  as  flattened  s])heres.     When  a 

*  Tht  existence  of  hydrogen  in  sulpliur,  is  rcnderccl  very  probable  by  tlve 
ip.g-cnious  researches  of  M.  Berthollet  Jim.  Annuks  cle  Cliimie,  Fevrier  1807, 
page  14;>.  The  fact  is  ahnost  ilcmonst rated  by  an  experiment  which  i  saw 
made  by  .W.  Cbyfield,  esq.,  at  Bristol,  in  1799.  Copper  lih'ngs  and  pow- 
dered sulphur,  in  weight  in  the  proportion  of  three  to  one,  rendered  very- 
dry,  were  heated  togethcp  in  a  retort,  connected  with  a  mercurial  pneumatic 
apparatus.  At  the  moment  of  combination  a  quantity  of  elastic  fluid  was  li- 
berated amounting  to  nine  or  ten  times  the  volume  of  the  materials  employed, 
and  which  consisted  of  sulphuretted  hydrogen  mixed  with  sulphureous  acid* 
I'he  ilrst-mcntioned  product,  there  is  every  reason  to  believe,  must  be  re- 
ferred to  the  sulphur,  the  last  probably  to  the  copper,  which  it  ii  easy  to 
conceive  may  have  become  slightly  and  superficially  oxidated  during  the  pror 
co;r:ei  of  filing  and  drying  by  heat. 

globule 
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globule  is  made  to  touch  a  globule  of  mercury  about  twice 
as  large,  they  combine  with  considerable  heat ;  the  com- 
pound is  fluid  at  the  temperature  of  its  formation  ;  but  when 
cool  it  appears  as  a  soHd  metal,  similar  in  colour  to  silver. 
If  the  quantity  of  the  basis  of  potash  is  still  further  increased, 
so  as  to  be  about  ^^^h  the  weight  of  the  mercury,  the  amal- 
gam increases  in  hardness,  and  becomes  brittle.  The  solid 
amalgam,  in  which  the  basis  is  in  the  smallest  proportion, 
seems  to  consist  of  about  one  part  in  weight  of  basis  and  70 
parts  of  mercury,  and  is  very  soft  and  malleable. 

When  these  compounds  are  exposed  to  air,  they  rapidly 
absorb  oxygen  ;  potash  which  deliquesces  is  formed  ;  and 
in  a  few  minutes  the  mercury  is  found  pure  and  unaltered. 

When  a  globule  of  the  amalgam  is  thrown  into  water,  it 
rapidly  decomposes  it  with  a  hissing  noise  ',  potash  is  form- 
ed, pure  hydrogen  disengaged,  and  the  mercury  remains 
free. 

The  fluid  amalgam  of  mercury  and  this  substance  dissolves 
all  the  metals  1  have  exposed  to  it;  and  in  this  state  of  union, 
hiercury  acts  on  iron  and  platina. 

When  the  basis  of  potash  is  heated  with  gold,  or  silver, 
or  copper,  in  a  close  vessel  of  pure  glass,  it  rapidly  acts 
upon  them  ;  and  when  the  compounds  are  thrown  into  wa- 
ter, ttiis  fluid  is  decomposed,  potash  formed,  and  the  metals 
appear  to  be  separated  unaltered. 

The  basis  of  potash  combines  with  fusible  metal,  and 
forms  an  alloy  with  it,  which  has  a  higher  point  of  fusion 
than  the  fusible  metal. 

The  action  of  the  basis  of  potash  upon  the  inflammable 
oily  compound  bodies,  confirms  the  other  facts  of  the  strength 
of  its  attraction  for  oxygen. 

On  naphtha  colourless  and  recently  distilled,  as  I  have  al- 
ready said,  it  has  very  little  power  of  action  ;  l)ut  in  naph- 
tha that  has  been  exposed  to  the  air  it  soon  oxidates,  and 
alkali  is  formed,  which  unites  with  the  naphtha  into  a  brown 
soap  that  collects  round  the  globule. 

On  the  concrete  oils,  (tallow,  spermaceti,  wax,  for  in- 
stance,) when  healed,  it  acts  slowly,  coaly  matter  is  depo- 
sited. 
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sited,  a  little  gas  *  is  evolved,  and  a  soap  is  formed  ;  but  in. 
these  cases  it  is  necessary  that  a  large  quantity  of  the  oil  be 
employed.  On  the  fluid  fixed  oils  it  produces  the  same 
effects,  but  more  slowly. 

By  heat  likewise  it  rapidly  decomposes  the  volatile  oils; 
alkali  is  formed,  a  small  quantity  of  gas  is  evolved,  and 
charcoal  is  deposited. 

When  the  basis  of  potash  is  thrown  into  camphor  in  fu- 
sion, the  camphor  soon  btcomes  blackened,  no  gas  is  libe- 
rated in  the  process  of  decomposition,  and  a  saponaceous 
compound  is  formed ;  which  seems  to  show  that  camphor 
contains  more  oxygen  than  the  volatile  oils. 

The  basis  of  potash  readily  reduces  metallic  oxides  when 
heated  in  contact  with  them.  When  a  small  quantity  of 
the  oxide  of  iron  was  heated  with  it,  to  a  temperature  ap- 
proaching its  point  of  distillation,  there  was  a  vivid  action ; 
alkali  and  gray  metallic  particles,  which  dissolved  with  ef- 
fervescence in  muriatic  acid,  appeared..  The  oxides  of  lead 
and  the  oxides  of  tin  were  revived  still  more  rapidly ;  and 
when  the  basis  of  potash  was  in  excess,  au  alloy  was  formed 
with  the  revived  metal. 

In  consequence  of  this  property,  the  basis  of  potash  rea- 
dily decomposes  flint  glass  and  green  glass,  by  a  gentle  heat; 
alkali  is  immediately  formed  by  oxygen  from  the  oxides, 
which  dissolves  the  glass,  and  a  new  surface  is  soon  exposed 
to  the  agent. 

*  When  a  globule  of  the  basis  of  potash  is  introduced  into  any  of  the  fixed 
oils  heated,  the  first  product  Is  pure  hydrogen,  which  arises  from  the  de- 
composition of  the  water  absorbed  by  the  crust  of  potash  during  the  expo- 
sure to  the  atmosphere.  The  gas  evolved,  when  the  globule  is  freed  from 
this  crust,  I  have  found  to  be  carbonated  hydrogen,  requiring  more  thiui  an 
equal  bulk  of  oxygen  gas  for  its  complete  saturation  by  explosior,  I  have 
made  a  great  number  of  experiments,  which  it  would  be  foreign  to  the  ob 
ject  of  this  lecture  to  give  in  minute  detail,  on  the  agencies  of  the  basis  of 
potash  on  the  oils.  Some  anomalies  occurred  which  led  to  the  inquiry,  and 
the  result  was  perfectly  conclusive..  Olive  oil,  oil  of  turpiiitiue,  and  naph- 
tha, when  decomposed  by  heat,  exhibited  as  products  different  proportions 
of  charcoal,  heavy  inflammable  gas,  empyreumatic  oily  matter,  and  water; 
so  that  the  existence  of  oxygen  in  them  was  fiiUy  p-oved;  and  accurate  in- 
dications of  the  proportions  of  their  elements  might  be  gained  by  their  de- 
composition by  the  basis  of  potash.  Naphtha  of  all  furnished  least  water  and 
carbonic  acid,  and  oil  of  turpentine  the  most. 

Vol.  32.  No.  125.  Oa,  1808.  B  At 
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At  a  red  heat,  even  the  purest  glass  is  altered  by  llie  ba^iff 
of  potash  :  the  oxygen  in  the  alkali  of  the  glass  stems  to  be 
divided  between  the  two  bases,  the  basis  of  potash  arid  the 
alkaline  basis  in  the  glass,  and  oxides,  in  the  first  degree  of 
oxygenation,  are  the  result.  When  the  basis  of  potash  is 
heated  in  tubes  made  of  plate  glass  filled  with  the  vapour  of 
naphtha,  it  first  acts  upon  the  small  quantity  of  the  oxides 
of  cobalt  and  manganese  in  the  interior  surface  of  the  glass, 
and  a  portion  of  alkali  is  formed.  As  the  heat  approaches 
to  redness,  it  begins  to  rise  in  vapour,  and  condenses  in  the 
colder  parts  of  the  tube;  but  at  the  point  where  the  heat  is 
strongest,  a  part  of  the  vapour  scents  to  penetrate  tlie  glass, 
rendering  it  of  a  deep  red  brown  colour;  and  by  repeatedly 
distilling  and  heating  the  substance  in  a  close  tube  of  this 
kind,  it  finally  loses  its  metallic  form,  and  a  thick  brown 
crust,  which  slowly  decomposes  water,  and  which  com- 
bines with  oxygen  when  exposed  to  air  forming  alkali,  lines 
the  interior  of  the  tube,  and  in  many  parts  is  found  pene- 
trating through  its  substance*. 

In  my  first  experiments  on  the  distillation  of  the  basis  of 
potash,  I  had  great  difficulty  in  accounting  for  these  phaeno- 
mena;  but  the  knowledge  of  the  substance  it  forms  in  it* 
first  degree  of  imion  with  oxygen,  afforded  a  satisfactory 
explanation. 

[To  he  cQiUinucd.] 


II.   On  the  Opinio7is  that  have  p-evailcd  respecting  the  Na- 
ture ( if  Alkalis  and  Earths.     By  a  Correspondent . 

To  Mr.  Tilloch. 

SIR, 

X  HAVE   not  been   a  little  amused  by  the  manner  in  which 
your  correspondent  O.  begins  his  letter f. 

"  Messrs.  Davy,  Berzelius,  and  Pontin,  h.ive  only  verified 

*  This  is  the  olivious  cxpl,-in.ition  in  the  present  str'.tf  of  o«r  knowlcdnf?  j 
but  it  is  more  th.;ii  ii.ohablc  that  the  silcx  of  the  gl.i«fc  likewise  sufTtrs  stmie 
cliangc,  and  prohahly  tkcomposition.  'I'lus  subject  1  hope  to  be  able  to  re- 
iume  on  another  occasion. 

\  Phil.  Mag.  vol.  xxxi.  p.  27'^. 

what 
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what  Lavoisier  suspected,  that  the  alkalis  and  earths  are 
metallic  oxides." 

This  *^  07?/y  verifvinsr"  seems  to  him  a  matter  of  very 
little  importance,  and  the  guess  mi  ch  more  curious  than 
the  discovery.  Reasoning  in  this  way,  it  may  be  said,  that 
Newton  07?/y  verified  what  Seneca  suspected,  and  that  Co- 
lumbus had  only  rediscovered  Plato's  Atalantis. 

From  snch  a  writer  accuracy  is  not  to  be  expected.  His 
first  assertion  is  incorrect.  Lavoisier  never  supposed  the 
fixed  alkalrs  to  he  metallic  oxides.  In  his  time  there  were 
no  analogies  which  led  to  such  an  opinion.  This  sagacious 
philosopher,  on  the  contrary,  has  stated  the  idea  that  they 
may  contain  azote  ;  which  O.  niav  see  in  the  very  booh  he 
quotes,  Kerr's  Translation  of  Lavoisier's  Elements,  second 
edition,  page  213. 

Before  Lavoisier,  even  as  early  as  Van  Helmont  jun,  and 
Becchcr,  it  was  conceived  that  metals  were  capable  of  being 
produced  from  earths.  Bergman,  in  later  tinges,  but  before 
Lavoisier,  published  the  ©pinion  with  respect  to  baryles ; 
and  Baron,  with  respect  to  a1  amine :  but  this  kind  of  read- 
ing cannot  be  familiar  to  O.,  a  person  who  seems  to  believe 
in  the  results  of  the  experiments  of  Toudi  and  Ruprecht,  on 
the  metallization  of  the  earths,  and  merely  says,  that  their 
accuracy  was  called  in  question  by  Klaproth  and  Tihawski ; 
whereas  the  fact  is,  that  the  metallic  substances  obtained  by 
Toudi  and  Ruprecht  were  proved  by  Tihaw^skl  and  by  Klap- 
roth to  be  phosphurets  of  iron  :  and  the  question  was  laid 
at  rest  by  the  elaborate  researches  of  Savaresi,  who  showed 
that  they  could  not  be  obtained  except  in  cases  -vhen  mate- 
rials which  furnished  phosphuret  of  iron  were  present.  See 
Annales  de  Chimie,  tome  ix.  p.  275,  and  tome  x.  p.  118. 

Mr.  Kerr,  in  his  Translation  of  Lavoisier's  Elements,  se- 
cond edition,  has  reasoned  upon  the  experiments  of  Toudi 
and  Ruprecht  as  if  they  were  correct ;  stating  that  if  mag- 
nesia be  a  metallic  oxide,  then  soda,  being;  a  modification  of 
magnesia,  '*  according  to  some  experiments  published  in 
the  Transactions  of  the  Turin  Academy,"  must  be  also  a 
metallic  substance.  He  might  have  gone  further,  and  said, 
that  as  M.  Guy  ton  de  Morveau  has  proved  potash  to  be 
B  2  partly 
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partly  composed  of  lime,  therefore  potash  contains  a  metallic 
oxide.  But  the  experiments  in  which  magnesia  and  limf 
have  been  said  to  be  produced  from  the  fixed  alkalis,  liavc 
been  shown  to  be  incorrect  by  Darracq  and  others  ;  and  the 
whole  fabric  falls  to  the  ground.  Mr.  Kerr  did  not  guess  or 
predict  any  thing.  He  only  stated  results  considered  by  aU 
scientific  chemiats  as  mere  delusions. 

I  do  not  in  the  slightest  degree  mean  to  detract  from  the 
merit  of  Mr.  Kerr  as  an  excellent  translator  of  Lavoisier. 
There  is  often  ingenuity  and  good  sense  in  his  notes  : — but 
in  the  conclusion  of  the  passage,  of  which  the  beginning  is 
quoted  by  0.,  as  such  an  extraordinary  instance  of  sagacity, 
this  sentence  occurs,  "  Why  should  carbon,  sulphur,  and 
phosphorus,  not  be  considered  as  metals? — Because  their 
specific  gravity,  lustre,  and  ductility,  diflcr  from  the  bodies 
called  metals,  which  differ  so  much  in  these  particulars 
amongst  themselves," — a  n)ode  of  reasoning  that  would 
confound  all  principles  of  classilkalion. 

What  O.  says  about  oxygen  and  hydrogen  being  the 
ultimate  constituents  of  matter,  is  such  vague  declamation 
that  your  sober  readers  will  not  wish  to  read  any  comments 
on  it.  The  dynamic  philosophy  of  a  new  German  school  is 
much  'more  sublime,  and  more  probable  :  that  water  + 
electricity  is  oxygen,  and  water  —  electricity  hydrogen; 
and  that  the  metals  are  water  +  magnetism. 

Mere  speculation  can  never  do  any  harm,  and  is  a  toy 
with  which  any  person  has  a  right  to  amuse  himself;  but 
there  is  something  in  0,'s  letter  which  may  do  harm.  I 
mean  the  indecorous  manner  in  which  he  speaks  of  the  ob- 
jections of  an  English  professor  of  respectability  to  the  con- 
clusions of  M.  Braconnot. 

In  reading  these  objections,  they  appear  to  me  expressed 
in  a  most  gentle  way,  and  merely  calculated  to  modify  the 
improper  confidence  which  some  persons,  little  acquainted 
\\ith  experimental  chemistry,  had  placed  in  these  researches. 
That  all  things  may  be  composed  of  light,  water,  and  air, 
is  not  an  asserticm  to  be  admitted  on  slight  proof,  or  to  be 
implicitly  confided  in,  in  consequence  of  a  single  labour. 
Crtll  ij  at  least  as  high  an  authority  as  Braconnot,  and  yet 

Iiis 
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his  experiments  on  this  subject  have  ilvvays  been  considered 
fallacious  by  the  most  enlightened  chemists. 

The  general  style  oF  O.'s  communication  shows  merely 
that  he  is  little  rejoiced  at  the  progress  of  science,  and  that 
he  wishes  to  diminish  the  importance  of  the  late  discoveries. 
He  might  have  praised  Mr.  Kerr  as  much  as  he  p'eased,  and 
no  one  would  have  been  oflended  ;  but  every  philosophical 
man  must  be  displeased  at  his  rude  and  illiberal  niention  of 
a  chemist,  whose  merit  (being  of  a  totally  ditiercnt  nature) 
cannot  possibly  come  in  competition  w  ith  that  of  Mr.  Kerr. 

Your  love  of  genuine  science  and  your  candour  are  such 
that  I  am  surprised  you  should  have  pernuttcd  such  im- 
worthy  criticisms  as  those  contained  in  tlie  last  part  of  O.'s 
letter  to  ])ollute  your  pages.  T  can  only  attribute  it  to  tliclr 
having  escaped  your  notice.  Your  Philosophical  Magazine 
has  served,  and  I  hop«  in  future  will  serve,  a  nobler  pur- 
pose than  that  of  affording  a  cloak  under  which  a  masked 
bravo  in  science  may  hide  a  dagger  for  the  purpose  of 
wounding  the  feelingSj  and  detracting  from  the  merit,  of. 
philosophical  men.         1  am,  sir,  respectfully, 

your  obedient  humble  servant, 

October  4,  1808.  An  ExPKUIMKNTER. 

*^*  ^'An  Experimenter"  has  mistaken  entirely  the 
motive  which  induced  us  to  give  a  place  to  the  uncandid 
communication,  under  the  signature  O.  Had  we  refused  to 
publish  it,  insinuations  of  its  pretended  importance,  and  of 
our  partiality,  might  have  been  the  consequence.  Tliis  we 
have  before  experienced.  We  thought  it  better,  therefore, 
to  allow  the  author  to  present  his  own  statement  of  alletred 
facts — facts  which  we  meant  to  have  exposed  in  our  present 
Number*,  convinced  that  the  more  the  subject  is  investi- 
gated, the  greater  will  be  the  honour  resulting  to  the  exclu- 
sive discoverer,  Mr.  Davy.  Mr.  Davy's  modesty  and  merit, 
we  cannot  help  also  observing,  ought  to  have  shielded  him 
from  what  we  consider  as  a  wanton  attack,  made  upon  him 
by  certain  Northern  reviewers.   Would  it  be  just  to  estimate 

*  The  remarks  we  meant  to  have  offered  are  rendered  unnecessary  by  the 
more  able  exposition  with  which  "  An  Exy)erimenter"  has  furnished  us,  and 
for  which  we  beg  he  will  accept  our  best  thanks. 

B  3  their 
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their  merits  as  critics,  by  conirasling  their  lucubraiions  with 
the  sublime  discoveries  of  sir  Isaac  Newton  ?  Or  has  the 
science  of  optics  a  more  intimate  alliance  with  chemistry 
than  with  criticism  ?  When  an  individual  arrogantly  invites 
comparisons,  he  deserves  to  be  humbled  ;  but  to  drag  an  un- 
assuming, unoffending  labourer  in  any  science,  into  contrast 
with  a  luminary  in  another  science,  for  the  purpose  of  degra- 
dation, is,  to  say  the  least  of  it,  an  act  of  wanton  cruelty, 
and  savours  more  of  envy  than  of  sound  criticism.       Edit. 


III.   Description  of'  a  neiv  Compensation  Pendvlnm.     By 
Mr.  H.  Ward,  of  BlanJford,  Dorsetshire*. 

Reference  to  the  Engraving.    Plate  TI. 
Fig.  2,  3,   4,   5. 

-T  iG.  2.  is  a  side  view  of  the  pendulum  rod  when  to-, 
gethcr.  hhii  are  two  flat  rods  or  bars  of  iron,  about  an 
eighth  of  an  inch  thick.  A  ^  is  a  bar  of  zinc  interposed  be- 
tween them,  and  is  nearly  a  quarter  of  an  inch  thick.  The 
corners  of  the  iron  bars  are  bevelled  ofT,  that  they  may  meet 
with  less  resistance  from  the  air;  and  it  likewise  gives  them 
a  much  lighter  appearance.  These  bars  are  kept  tojjether 
by  means  of  three  screws  111,  which  pass  throuah  oblong 
holes  in  h  h  and  k  k,  and  screw  into  ii.  The  bar  h  h  is  con- 
nected to  the  one  k  khy  the  screw  7W,  which  I  call  the  ad- 
justing screw.  This  screw  is  tapped  into  h  h,  and  passes 
barely  through  kk ;  but  that  part  of  the  screw  which  enters 
k  k  has  its  threads  turned  off.  The  bar  i  i  has  a  shoulder  at 
its  upper  end  turned  at  right  angles,  and  bears  at  the  top  of 
the  zinc  bar  k  k^  and  is  supported  by  it.  It  is  necessary  to 
have  several  holes  for  the  screw  m  in  order  to  adjust  the 
compensation.  See  Fig.  1,  0. — Fig.  3,  4,  b.  are  a  side 
view  of  each  bar  separately.  Fig.  C.  shows  the  flat  side  of 
the  zinc  bar.  Fig.  1.  is  a  front  view  of  the  penduIuii)-rod 
wlien  screwed  together.  The  letters  have  the  same  reference 
to  the  different  figures. 

•  From  iraiisiiciinua  nf  the  Sncici;/  /or  the  Encoiira^cmeiU  of . -Iris,  Mavii- 
farlurcf,  and  Contmrrrc,  for  1807  ;  but  witli  corrections  communicated  by 
the  author The  silver  medal  of  the  Society  was  voted  to  Mr.  Ward  for 

ihi'.  irivc.ili'jn. 

No\v 
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Now  it  is  evident,  that  if  any  degree  of  heat  or  cold  be 
applied  to  this  compound  rod,  the  one  of  zinc  expands 
and  contracts  as  nuicli  as  the  two  iron  ones  together;  the 
distance  from  the  point  of  suspension  to  the  centre  of  oscil- 
huion  must  remain  the  same. 

In  proportioning  the  length  of  the  bars,  I  made  use  of 
Mr.  Smcalon's  table  of  expansion  of  metals  in  the  48th  vol. 
of  Philosophical  Transactions  ;  where  he  shows,  by  experi- 
ments made  with  a  pyrometer,  that  the  expansion  of  iron  is 
to  that  of  unhanniKTcd  zinc,  with  the  same  degree  of  heat, 
as  151  to  353,  and  to  that  of  zinc  hammered,  half  an  inch 
per  foot,  as  151  to  373.  This  great  expanding  property  of 
zinc  renders  it  in  theory  extremely  fit  for  the  purpose  of 
compensation  in  a  pendulum,  and  I  was  desirous  of  know- 
ing if  it  would  answer  in  practice,  and  likewise  the  exact 
proportion  that  was  requisite  to  answer  the  intended  purpose. 

I  made  two  rcgub-tors  whose  pendulums  were  composed 
of  iron  and  zinc,  as  above  described,  with  this  difference, 
however,  that  one  had  a  detached  escapement  of  a  particular 
construction  ;  the  zinc  bar  was  not  hammered,  the  ball  of  a 
lenticular  form,  and  weighed  twenty  pounds,  its  arc  of  vi- 
bration nearly  five  degrees.  The  other  had  a  simple  remon- 
loir  escapement,  the  zinc  bar  was  hammered  half  an  inch 
per  foot,  the  ball,  of  spherical  form,  weighed  forty-six 
pounds,  and  vibrated  two  degrees  and  three  quarters. 

These  regulators  were  both  placed  in  the  same  room,  and 
their  cases  firmly  fixed  to  the  wall  ;  the  pendulums  were 
suspended  from  a  stout  brass  cock,  screwed  to  the  back  of 
their  respective  cases.  In  the  inside  of  each  case,  and  im- 
mediately behind  the  pendulum  rod,  was  hung  a  thermo- 
meter, for  the  purpose  of  comparing  the  degrees  of  heat.  I 
adjusted  them  to  mean  time  nearly  by  corresponding  alti-  ■ 
tude^  of  the  sun.  After  having  compared  them  tojrether 
for  several  days,  I  found  that  the  one  which  had  the  ham- 
mered zinc  bar  went  somewhat  faster  when  the  air  of  the 
room  was  heated  by  a  fire  in  the  grate  thaii  the  other  did. 
Hence  I  concluded  that  the  difference  of  expansion  of  ham- 
mered and  unhammered  zinc  was  greater  ilian  Mr.  Smcaton 
made  it,  at  least  it  appeared  so  in  this  instance. 

B  4  But 
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But  to  determine  whether  the  lenrrth  of  the  hammered 
zinc  bar  was  accurately  proportioned  to  tiiat  of  the  iron  ones 
I  wished  next  to  prove,  without  waiting  that  length  of  t;uie 
that  Nature  would  require  to  produce  a  sufficient  alteration 
in  the  temperature  of  the  air,  I  proceeded  to  make  the  fol- 
lowing experiment :  I  caused  to  be  made  a  iin  tube  six  feet 
long,  and  two  inches  and  a  haif  diameter  at  its  larger  end, 
from  whence  it  gradually  tapered  to  the  other,  which  was 
only  half  an  inch  diameter.  Within  the  case,  and  as  far 
from  the  pendulum  as  possible,  I  placed  this  tube ;  the 
smaller  end  was  carried  through  a  hole  in  the  top  of  the  case, 
and  projected  a  few  inches  above  it.  In  the  lower  end  of 
the  tube  was  inserted  the  nozzle  of  a  lamp,  and  immediately 
under  it,  in  tiic  bottom  of  the  case,  was  a  hole  of  an  inch 
diameter  to  supply  the  lamp  with  air.  By  this  means  the 
tube  would  comnumicate  as  much  heat  to  the  internal  air, 
as  to  raise  the  thermometer  about  thirty-five  degrees. 

Previous  to  the  lamp  being  put  in  the  case,  I  made  both 
pendulunjs  vibrate  exactly  together;  and  after  an  interval  of 
twenty-four  hours,  the  one  with  the  hammered  zinc  bar 
had  gained,  as  near  as  I  could  judge,  one  tenth  of  a  second. 
The  mean  height  of  the  thermometer  was  fifty-three  de- 
grees. I  now  lighted  the  lamp,  and  in  about  four  hours 
every  part  appeared  to  be  thoroughly  heated,  and  the  ther- 
mometer arrived  at  ils  maximum,  which  was  eighty-eight 
degrees;  at  this  point  it  continued  with  little  variation. 
While  the  heat  was  increasing  I  found  the  motion  of  the 
pendulum  was  accelerated.  1  again  made  them  beat  exactly 
together,  and  in  about  ten  hours  after,  the  heated  pendulum 
had  gained  one  second;  the  thermometer  in  the  other  case 
continuing  nearly  the  same.  The  lamp  was  then  taken  out, 
and  as  soon  as  the  parts  were  cooled,  and  both  therraon)e- 
tcrs  showed  the  same  degree,  I  adjusted  the  beat  of  the  pen- 
dulums as  before,  and  at  the  end  of  twenty-four  hours  I 
found  the  pendulum  that  had  been  heated  kept  precisely  the 
same  rate  as  it  did  before  the  experiment  was  made. 

By  this  experiment  it  appeared  evident  that  the  zinc  bar 
was  considerably  too  long.  The  pendulum  was  then  taken 
down,  to  have  more  holes  made  for  the  adjusting  screw ; 

and 
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and  after  maiiv  ropcated  trials  with  the  lamp  and  tube,  as 
bel'orc,  I  found  the  length  of  the  zinc  bar  to  bc-2-3  Inches, 
and  cnnsequcutly  the  length  of  the  iron  ones  together  39'2 
plus  22  equal  to  Gl-2  inches,  or.  the  expansion  and  con- 
traction of  iron  to  that  of  zinc  hammered,  half  an  inch  per 
foot,  as  131  to  120. 

Having  thus  far  satisfied  mvself  with  the  hammered  zinc 
bar,  I  proceeded  to  make  similar  trials  with  the  one  that  was 
unhammered  :  in  doing  \vhich  a  circumstance  occurred  thai 
I  cannot  account  for,  that  when  the  air  in  the  case  was  ra- 
refied b\-  means  of  the  lamp  and  tul)e,  the  arc  of  vibration 
would  be  about  half  a  degree  less  than  it  was  before  the  lamp 
was  applied,  which  is  directly  contrary  to  what  I  should  ex- 
pect would  have  taken  place.  I  afterwards  found  that  the 
other  pendulum  was  aflc-cted  the  same  way,  but  in  an  ex- 
treme small  degree,  which,  without  doubt,  was  in  conse- 
quence of  the  ball  being  much  heavier,  and  vibratimi;  a 
smaller  arc.  In  takinu'  the  rate  of  the  clock  when  the  lamp 
was  in  the  case,  I  at  first  computed  from  theory  the  error 
that  would  arise  by  such  a  diniinution  of  the  arc,  and  al- 
lowed for  it  accordinglv  ;  but  doubting  wliether  the  unlock- 
ing of  the  swing  wheel  might  not,  from  a  decrease  of  ve- 
locity in  the  pendulum,  have  a  greater  tendency  to  retard  its 
vibrations,  I  therefore  thought  the  experiment  would  be 
rendered  more  accurate  if  the  maintaining  pouer  was  in- 
creased until  the  arc  of  vibration  should  be  the  same.  After 
several  trials  1  found  the  length  of  the  unhammered  zinc 
bar  to  be  about  twei:ity  nine  inches,  which  agrees  prettv 
nearly  with  ISir.  Smeaton's  experiment ;  that  is,  in  regard 
to  the  relative  expansion  of  iron  and  unhammered  zinc. 

The  zinc  bar  of  the  pendulum,  which  I  here  send  to  the 
Society  of  Arts,  was  hammered  three  quarters  of  an  inch 
per  foot ;  and  by  making  experiments  with  it  as  I  had  done 
with  the  other  two,  I  found  the  length  of  it  to  be  twenty- 
two  inches,  which  is  exactlv  the  same  length  as  the  one  that 
was  hammered  half  an  inch  per  foot,  so  that  it  seems  nothin<r 
is  gained  after  hammering  it  to  a  certain  dcQ:ree  ;  but  I  can- 
not think  that  any  rule  can  be  laid  down  to  enable  us  to 
judge  of  the  degree  of  expansion  that  will  take  place  with  a 

determinate 
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dtteruiinalc  increase  of  heat,  from  the  quantity  that  is  ex- 
tended by  thti  hammer  ;  much  depends  on  the  degree  oi 
curvature  and  polish  of  the  stake  and  hammer,  and  probably 
on  the  heating  of  the  bar  at  the  time  ;  for  it  is  necessary  to 
heat  it  a  Httle  hotter  than  boiling  water,  otlierwise  it  will 
'c;ack  in  hammering. 

In  all  these  experinicnls  it  is  to  be  understood  that  the 
ball  of  the  pcndulam  was  fiuspcnded  by  its  centre  ;  but  if 
the  ball  be  made  to  rest  on  its  lower  edge,  the  ex))ansion 
and  contraction  of  it  must  be  taken  into  consideration. 

It  has  been  the  opinion  of  some  mechanists  that  zinc  is 
an  inifit  substance  for  a  compensation  pendulum,  because 
they  have  thought  it  too  soft  for  the  purpose,  and  that  after 
being  heated  or  cooled  to  a  considerable  degree,  it  does  not 
return  to  its  original  dimensions.  If  that  was  really  the  case^ 
DO  doubt  but  it  would  be  a  general  one,  conuiion  to  all  me- 
tals in  a  greater  or  less  degree;  but  from  the  experiments 
and  observations  I  have  made  on  zinc  pendulums,  1  am  fully 
satisfied  there  is  no  foundation  whatever  for  such  an  opi- 
nion. Some  time  in  the  latter  part  of  last  summer,  I  how- 
ever noticed  a  circumstance  iliat  made  me  doubt  the  matter 
— for  wlicn  I  llrst  used  anv  zinc  pendulum,  I  could  never 
bring  the  clock  to  keep  the  same  rate  two  days  together, 
but  it  was  continually  retarded,  whether  I  used  the  lamp 
or  not ;  and  had  I  not  before  observed  a  similar  efiect  on  a 
lever  i)endulum  that  was  made  of  brass  and  steel,  I  should 
have  ascrilied  the  cause  whollv  to  the  softness  of  the  zinc 
bar;  but  by  constantly  comparing  its  daily  rate  with  one 
that  had  been  going  a  longer  time,  I  ibmid  this  retarding 
projierty  jrradually  wore  olV,  ar.d  in  less  than  a  month  would 
become  cpuie  setlled  to  the  lale  that  it  would  aflerw-ards. 
keep.  Jjy  subbcquent  expcriuients  witii  the  knnp  too,  I 
have  con-^tanily  found  lh.it  all  the  jiendul'iUH  I  have  hi- 
therto tried  kept  precisely  the  same  rate,  both  during  the 
time  ihev  were  he.ilid  (iinuided  th.ey  were  projierly  adjusted) 
and  afterwards,  as  thry  had  done  before.  The  cause  of  this 
retardation  appears  lo  me  to  be,  that  the  points  of  contact 
of  the  diflcrent  piecv.'S,  which  eonii)ose  the  pendulum,  lirtf 
more  eloselv   connected  idler  a  little  lime  than  thev  ^x^  t^i, 

lirst, 
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first,  tivit  is,  those  points  of  contact  do,  by  the  weight  oF 
the  ball,  yi^^lcl  to  each  other  in  a  small  degree,  until  they  jret 
3  broader  bearing. 

The  advantages  of  this  pendulum  are,  1st,  That  from  its 
simplicity  it  will  never  fail  to  have  the  desired  effect,  sdly, 
That  no  extraordinary  care  is  requisite  in  executing  it.  adiv. 
That  the  compensation  may  be  increased  or  diminished  with 
the  greatest  ease,  without  stopping  the  clock  more*  than  a 
minute,  by  making  fast  one  of  the  screws  that  keep  the  rods 
together  whilsr  the  adjusting  screw  is  removing,  takino-  care 
to  release  it  again  afterwards.  And  4thly,  That  it  can  be 
jnainifactured  for  less  expense  than  any  other  compensation 
pendulum  hitherto  published. 

N.B.  The  compensation  of  this  pendulum  which  I  now 
send  to  the  Society  of  Arts  is  properly  adjusted,  at  least  very 
near  the  truth.  The  holes  for  the  adjusting  screw  are  made 
at  such  a  distance  from  each  other,  that  by  removin<T  the 
screw  one  hole,  it  will  produce  an  alteraiion  in  the  C()in<j;of 
the  clock  about  a  quarter  of  a  second  per  day  wiih  a  change 
of  thirty  degrees  of  Fahrenheit's  thermometer. 

SIR, 

Permit  me  to  state  to  you  the  observations  I  have  made 
since  my  compensation-pendulum  was  laid  before  the  So- 
ciety. 

The  regulator,  with  the  hammered  zinc  bar,  and  ball  of 
forty-six  pounds  weight,  was  firmly  fixed  to  a  brick  wall  at 
the  top  of  my  house.  The  adjustment  of  the  length  of  the 
bars,  by  means  of  a  lamp,  was  repeated  as  before.  There 
was,  however,  an  alteration  necessary  to  be  noticed  ;  the  ball 
of  the  pendulum  rested  on  its  lower  extremity,  instead  of 
being  suspended  by  its  centre.  T  prefer  this  method,  as 
being  less  liable  to  error  if  the  rods  should  be  sooner  affected 
by  heat  or  cold  than  the  ball.  The  length  of  the  zinc  bar, 
as  ascertainctl  by  the  lamp,  was  now  found  to  be  20  inches 
and  a  quarter. 

The  clock  was  then  sot  to  mean  time,  and  suffered  to  o;o 
without  alteration  :  the  result  is  exhibited  in  the  following 
table. 

isoo. 


!8         Description  of  a  new  Compensation  Vendulum 
1806. 


Error  of  clock  Number  of  davs 

at  time  of  ob-  between  tlicob-               Daily  rate, 

servation.  servatiou. 

S.  S. 


March  21  0-0 

April       8  Fast  2-8 

May      JO  Slow  8- 7 

CG  —  2)-5 


J  8  Gain  0-15 

3-2  Loss  0-33 

16  —  0-80 

26  —  1-10 


26 

Loss 

0-36 

J3 

— 

()-21 

7 

— 

0-31 

2S 

— 

0-34 

12 

. — 

0-80 

22 

— 

0-S4 

Jnne     21  —      50  0 

Increased  ihe  compensation  for  heat  and  cold  6  holes 
equal  to  4  inched  and  3  quarters;  or,  the  length  of"  the  zinc 
bar  23  inches.     The  clock  was  again  set  to  mean  time. 

s,  s. 

July        1  0-0 

27  Slow  9-3 

Aug.       9  —  1^2-0 

H)  —  14*2 

Sept.     13  —  24-0 

25  —  33-5 

Oct.      17  —  32-1 

Although  a  thermometer  was  attached  to  the  clock,  I 
could  not,  from  a  necessary  attendance  to  business,  register 
it  regularly.  The  diflference  of  its  height  in  March  and  June 
may  be  taken  at  about  22  degrees,  and  in  July  and  October 
14  degrees,  without  much  error. 

On  comparing  it  with  the  rate  of  the  clock,  the  compen- 
sation, in  the  latter  case,  appears  nearly  as  much  too  great, 
as  it  was  in  the  first  too  small.  The  true  length  of  the  zinc 
bar  ought  to  be  about  23  inches. 

The  length  of  the  zinc  bar,  thus  ascertained,  is  one  inch 
and  three  quarters  more  than  the  experiment  by  the  lamp 
makes  it  :  indeed,  I  have  always  suspected  there  might  be 
some  error  in  that  experiment,  on  account  of  the  length  of 
the  arc  of  vibration  being  aficcted  bv  it. 

Having  no  means  of  finding  the  time  accurately  but  by 
equal  altitudes,  I  could  not  get  so  many  observations  as 
might  be  wished.  I  trust,  however,  these  will  not  be  found 
altogether  useless.         I  am,  sir,  your  obedient  servant, 

IlENKi'  Ward, 

Bland  ford, 
October  21,   1S06. 

To  C.  Taylor,  M.D.  Sec. 

A  Re- 
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A  Register  of  the  going  of  the  clock  with  the  unhammered 
zinc  bar  twenty-nine  inches  in  length,  determined  from 
.    observations  of  the  sun's  transit  over  the  meridian.. 


Error  of  clock 

at  lime  of  ob- 

Daily rate. 

servation. 

1607. 

m.  s. 

April 

12 
20 

Slow    0      1 
Fast     0     2 

Gain       0*4 

May 
June 

1 
8 

0   10 

1      1 

• 0-7 

■ 1-3 

20.  Clock  stopped,  having  been  forgot  to  be  wound  up. 
It  was  set  iroinii  accain. 


July 

o 

Slow 

0 

6 

1-3 

5 

0 

2 

9 

Fast 

0 

3 

1-2 

1*2 
1-6 

2*2 

IS 

0 

14 

24. 

0 

24 

A\\cr, 

1 

0 

42 

o 

2*1 

16 

1 

13 

1-9 

1-8 
2"  I 
1*6 

Sept. 

1(5 

o 

13 

Oct. 

21 

3 

13 

Nov. 

2 

3 

40 

13 

3 

58 

0*8 

26 

4 

8 

1S08.    Jan. 

1 

4 

23     . 

0*4 

2-1.  Clock 

slopped; 

,  jwiu! 

?to 

>a  fa 

ult 

in  the  escaperrient. 

li  was  afterwards  alte 

red.     ; 

Feb 

ruary 

Iti 

i,  set  going  again. 

March 

;     .5 

.  Fast 

0 

19 

0  4 

2S 

0 

28 

April 

10 
17 

0 
0 

36 
41 

0*6 
0*7 

May 

3 

0 

50 

0*6 
1*0 

18 

1 

5 

1-2 

30 

1 

19 

1  "2 

June 

26 

1 

51 

July 

3 

1 

59 

11 
1*2 
1*1 
1*1 

Aug. 

4 

2 

39 

Sept. 

1 

3 

10 

14 

3 

24 

N.B.  This 

register 

•  has   been  made 

since 

the  foregoing 

account  was  sent  to  the  Society, 

IV.  Me. 
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IV.  Memoirs  of  the  late  Erasmus  Darwin,  M.  D. 

[Conlinued  from  vol.  xxxi.  p.  309. J 
DARWINIANA. 

XJ.IS  account,  and  njode  of  cure  in  defective  ossification y 
rickets,  distortion  of  the  spine,  lameness  from  the  kip-hone  f 
and  protuierauce  of  the  spine,  claim  every  attention. 

Iitnutritio  ossium.  Innutrition  of  the  bones. — Not  only 
the  blood  effused  in  vibices  and  petechioe,  or  from  bruises, 
as  well  as  the  blood  and  new  vessels  -in  inflamed  parts,  are 
reabsorbed  by  the  increased  action  of  the  lymphatics ;  but 
the  harder  materials,  which  constitute  the  fangs  of  the  first 
set  of  teeth,  and  the  ends  of  exfoliating  bones,  and  some- 
times the  matter  of  chalk-stones  in  the  gout,  the  coagulable 
lymph,  which  is  dep o'^ited  on  the  lungs,  or  on  the  muscles 
after  inflammation  of  those  parts,  and  which  frequently 
produces  difficulty  of  breathing,  and  the  pains  of  chronic 
rheumatism,  and  lastly  the  earthy  part  of  the  living  bones 
are  dissolved  and  absorbed  by  the  increased  actions  of  this 
system  of  vessels. 

The  earthy  part  of  bones  in  this  disease  of  the  innutrition 
of  them  seems  to  suffer  a  solution  and  reabsorptioii ;  while 
the  secerning  vessels  do  not  supply  a  sufficient  quantity  of 
calcareous  earth  and  phosphoric  acid,  which  constitute  the 
substance  of  bones.  As  calcareous  earth  abounds  every 
where.  Is  the  want  of  phosphoric  acid  the  remote  cause  ? 
One  cause  of  this  malady  is  given  in  the  Philosophical  Trans- 
actions, where  the  patient  had  been  accustomed  to  drink 
large  quantities  of  vinegar.  Two  cases  are  described  by  Mr. 
Goueh.  In  one  case,  which  I  saw,  a  considerable  quantity 
of  calcareous  earth,  and  afterwards  of  bone-ashes,  and  of 
decoction  of  madder,  and  also  of  sublimate  of  mercury,  were 
given  without  effect.  All  the  bones  became  soft,  many  of 
them  broke,  and  the  patient  seemed  to  die  from  the  want  of 
being  able  to  distend  her  chest  owing  to  the  softness  of  the 
rib's. 

M.  M.  Salt  of  urine,  called  sal   microcosmicum,  phos- 
phorated soda.     Calcined  hartshorn.    Boue-ashcs.    Hard  or 
petrifving  water,  as  that  of  Matlock,   cjr  such  as  is  found  in 
3  all 
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aii  limestone  or  marley  countries.  The  calcareous  ejtrth  in 
these  waters  might  possibly  be  carried  to  the  bones,  as  mad- 
der is  known  to  colour  them.  Warm  bath.  Volatile  or  fixed 
alkali  as  a  lotion  on  the  spine,  or  essential  oils. 

The  innutrition  of  the  bones  is  olien  iirst  to  be  perceived 
by  the  difficultv  of  breathing  and  palpitation  of  the  heart  on 
walking  a  little  faster  than  usual,  which  I  suppose  is  owing  to 
the  softness  of  the  ends  of  the  ribs  adjoining  to  the  sternum  ; 
on  which  account  they  do  not  perfectly  distend  the  chest, 
when  they  are  raised  by  the  pectoral  and  intercostal  muscles 
with  greater  force  than  usual.  After  this  the  spine  becomes 
curved  both  by  the  softness  of  its  verlebrse,  and  for  the  pur- 
pose of  making  room  for  the  disturbed  heart. 

As  these  patients  are  pale  and  weak,  there  would  seem  to 
he  a  deficiency  of  oxygen  in  their  blood,  and  in  conse- 
quence a  deficiency  of  phosphoric  acid;  which  is  probably 
produced  by  oxygen  in  the  act  of  respiration. 

Mr.  Bonhomme  in  the  Chemical  Annals,  August  1793, 
supposes  the  rickets  to  arise  from  the  prevalence  of  veg;e- 
table  or  acetous  acid,  which  is  known  to  soften  bones  out  of 
the  body.  Mr.  Dettacn  seems  to  have  espoused  a  similar 
opinion  ;  and  both  of  them  in  consequence  give  alkalis  and 
testacea.  If  this  theory  was  just,  the  soft  bones  of  such 
patients  should  show  evident  marks  of  such  acidity  after 
death  ;  which  I  believe  has  not  been  observed.  Nor  is  it 
analogous  to  other  animal  facts,  that  nutritious  fluids  se- 
creted by  the  finest  vessels  of  the  body  should  be  so  little 
animalized  as  to  retain  acetous  or  vegetable  acidity. 

The  success  attending  the  following  case  in  so  short  a 
time  as  a  fortnight,  I  ascribed  principally  to  the  use  of  the 
warm  bath,  in  which  the  patient  continued  for  full  half  an 
hour  every  night,  in  the  degree  of  heat  which  was  most 
grateful  to  her  sensation,  which  might  be  I  suppose  about 

94.     Miss ,  about  ten  years  of  age,  and  very  tall  and 

thin,  has  laboured  under  palpitation  of  her  heart,  and  diffi- 
cult breathing  on  the  least  exercise,  with  occasional  violent 
dry  cough,  for  a  year  or  more,  with  dry  lips,  little  appetite 
either  for  food  or  drink,  and  dry  skin,  with  cold  extremitiea. 
She  has  at  limes  been  occasionally  worse,  and  been  relieved 


32  'Memoirs  oJ"Erasnius  Darwin,  ]\I.D. 

in  some  degree  by  the  bark.  She  began  to  bend  forwartlf, 
and  to  lift  up  her  shoulders.  The  former  seemed  owir.g  to 
a  beginning  curvature  of  the  spine,  the  latter  was  probably 
caused  to  facilitate  her  difficult  respiration. 

M.  M.  She  used  the  warm  balh,  as  above  related  ;  which 
by  its  warmth  might  increase  the  irritability  of  i\u  smallest 
series  of  vessels,  and  by  supplying  more  moisture  to  the 
blood  might  probably  tend  to  carry  further  the  materials 
which  form  calcareous  or  bony  particles,  or  to  convey  them 
in  more  dilute  solution.  She  took  twice  a  day  twenty  grains 
of  extract  of  bark,  tv.-enty  grains  of  soda  phosphorata,  and 
ten  grains  of  chalk,  and  ten  of  calcined  hartshorn,  mixed  into 
a  powder  with  ten  drops  of  laudanum  ;  with  flesh  food  both 
to  dinner  and  supper ;  and  Port  wine  and  water  instead  of  the 
small  beer  she  had  been  accustomed  to  ;  she  lay  on  a  sofa 
frequently  in  a  day,  and  occasionally  used  a  neck-swing. 

Uuc/iitis.  Rickets. — The  head  is  large,  protuberant  chiefly 
on  the  forepart.  The  smaller  joints  are  swelled  ;  the  ribs 
depressed  ;  the  belly  tumid,  with  other  parts  emaciated. 
This  disease  from  tlie  innutrition  or  softness  of  tlie  bones 
arose  about  two  centuries  ago;  seems  to  have  been  half  a 
century  in  an  increasing  or  spreading  stale;  continued  about 
half  a  century  at  its  height,  or  greatest  diflTusion;  and  is 
now  nearly  vanished  ;  which  gives  reason  to  hope,  that  the 
smallpox,  measles,  and  venereal  disease,  which  are  all  of 
modern  production,  and  have  already  become  milder,  may 
in  process  of  time  vanish  from  the  earth,  and  perhaps  be 
succeeded  by  new  ones ! 

Spince  dhtortlo.  Distortion  of  the  spine  h  another  disease 
originating  from  the  innutrition  or  soilness  of  the  bones.  I 
once  saw  a  child  about  six  years  old  with  palpitation  of  heart 
and  quickness  of  respiration,  which  began  to  have  a  curva- 
ture of  the  spine  ;  I  then  doubted,  whether  the  palpitation 
and  quick  respiration  were  the  cause  or  consequence  of  the 
curvature  of  the  spine  ;  suspecting  either  that  Nature  had 
bent  the  spine  outwards  to  give  room  to  the  enlarged  heart, 
or  that  the  malformation  of  the  chest  bad  compressed  and 
impeded  the  movements  of  the  heart.  But  a  few  weeks  ago, 
ou  attending  a  young  lady  about  ten  years  old,  whose  spine 

had 
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had  lately  begun  to  be  distorted,'  with  very  great  difficulty 
and  quickness  of  respiration,  and  alarming  palpitation 
ot"  the  heart,  I  convinced  myself,  that  the  palpitation  and 
difficult  respiration  were  the  eflect  of  the  change  of  the  ca- 
vity of  the  chest  from  the  distortion  of  the  spine;  and  that 
the  whole  was  therefore  a  disease  of  the  innutrition  or  soft- 
ness of  the  bones. 

For  on  directing  her  to  lie  down  much  in  the  day,  and 
to  take  the  bark,  the  distortion  became  less,  and  the  palpi- 
tation and  quick  respiration  became  less  at  the  same  time. 
After  this  observation  a  neck-swing  was  directed,  and  she 
i<:)ok  the  bark,  madder,  and  hone-ashes  ;  and  she  continues 
to  amend  both  in  h.er  shape  and  health. 

Delicate  young  ladies  are  very  liable  to  become  awrv  at 
many  boarding-sciiools.  This  is  occasioned  principally  bv 
their  being  obliged  too  long  to  preserve  an  erect  attitude, 
by  sitting  on  forms  many  hours  together.  To  prevent  this 
the  school-seats  should  have  either  backs,  on  which  thev 
may  occasionally  rest  themselves;  or  desks  before  them,  on 
which  they  may  occasionally  lean.  This  is  a  thing  of  greater 
consequence  than  may  appear  to  those  who  have  not  at- 
tended to  it. 

When  the  least  tendency  to  become  awry  is  observed; 
they  should  be  advised  to  lie  down  on  a  bed  or  sofa  for  an 
hour  in  the  middle  of  the  day  for  many  months  ;  which 
generally  prevents  the  increase  of  this  deformity  by  taking 
off  for  a  time  the  pressure  on  the  spine  of  the  back,  and  it 
at  the  same  time  lends  to  make  them  grow  taller.  Youno- 
persons,  when  nicely  measured,  are  found  to  be  half  an 
inch  higher  in  a  morning  than  at  night ;  as  is  well  known 
to  those  who  enlist  very  young  men  for  soldiers.  This  is 
owing  to  the  cartilages  between  the  bones,  of  the  back  be- 
coming compressed  by  the  weight  of  the  head  and  shoulders 
on  thtm  during  the  day.  It  is  the  same  pressure  which 
produces  curvatures  and  distortions  of  the  spine  in  growing 
children,  where  the  bones  are  softer  than  usual  :  and  wiiich 
may  thus  be  relieved  by  an  horizontal  posture  for  an  hour 
it  the  middle  of  the  day,  or  by  being  frequentlv  allowed  to 
lean  on  a  chair,  or  to  play  on  the  ground' on  a  carpet. 

V'ol.  32.  No.  125.  Oct.  1S08.  C  Young 
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Young  ladies  should  also  he  directed,  where  two  sleep  ill 
a  bed,  to  change  every  night,  or  every  week,  iheir  sides 
of  the  bed ;  which  will  prevent  their  tendency  to  sleep  al- 
ways on  the  same  side ;  which  is  not  only  liable  to  produce 
crookedness,  but  also  to  occasion  diseases  by  the  internal 
parts  being  so  long  kept  in  uniform  contact  as  to  grow  to- 
gether. For  the  same  reason  they  should  not  be  allowed  to 
sit  always  on  the  same  side  of  the  fire  or  window,  because 
they  will  then  be  inclined  loo  frequently  to  bend  themselves 
to  one  side. 

Another  great  cause  of  injury  to  the  shape  of  youn^;  ladies 
is  from  the  pressure  of  stays,  or  other  tight  bandages,  which 
at  the  same  time  cause  other  diseases  by  changing  the  form 
or  situation  of  the  internal  parts.  If  a  hard  part  of  the  stays, 
even  a  knot  of  the  thread,  with  which  they  are  sewed  to- 
gether, is  pressed  hard  upon  one  side  more  than  the  other, 
the  child  bends  from  the  side  most  painful,  and  thus  occa- 
sioiis  a  curvature  of  the  spine.  To  counteract  this  effect, 
such  stays  as  have  fewest  hard  parts,  and  especially  such 
as  can  be  daily  or  weekly  turned,  are  preferable  to  others. 

Where  frequent  lying  down  on  a  sofa  in  the  day-time, 
and  swinging  frequently  for  a  short  time  by  the  hands  or 
head,  with  loose  dress,  do  not  relieve  a  beginning  distortion 
of  the  back,  recourse  may  be  had  to  a  chair  with  stuffed 
•moveable  arms  for  the  purpose  of  suspending  the  weight  of 
the  body  by  cushions  under  the  arm-pits,  like  resting  oil 
crutches,  or  like  the  leading-strings  of  infants.  From  the 
top  of  the  back  of  the  same  chair  a  curved  steel  bar  may  also 
project  to  suspend  the  body  occasionally,  or  in  part  by  the 
head,  like  the  suing  above  mentioned.  The  use  of  this 
chair  is  more  efficacious  in  straightening  the  spine,  than 
simply  lying  down  horizontally  ;  as  it  not  only  takes  off  the 
pressure  of  the  head  and  shoulders  from  the  spine,  but  at 
the  same  time  the  inferior  parts  of  the  body  contribute  to 
draw  the  spine  straight  by  their  weight ;  or  lastly,  recourse 
may  be  had  to  a  spinal  machine  first  described  in  the  Me- 
moirs of  the  Academy  of  Surgery  in  Paris,  vol.  iii.  p.  600, 
by  M.  Le  Vacher,  and  since  made  by  Mr.  Jones,  at  No.  6, 
North-street,  Tottenham-court  Koad,  London,  which  sus- 
pends 
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"pends  the  head,  and  places  the  weight  of  it  nn  the  hips. 
This  machine  is  capable  of  iinprovement  by  joints  in  the  bar 
at  the  back  of  it,  to  permit  the  body  to  bend  forwards  wiih- 
out  diminishing  the  extension  of  the  spine. 

The  objections  to  this  machine  of  M.  Vacher,  which  is 
made  by  Mr.  Jones,  are,  first,  that  it  is  worn  in  the  day- 
lime,  and  has  a  very  unsightly  appearance.  Mr,  Jones  has 
endeavoured  to  remedy  this,  by  taking  away  the  curved  bar 
over  the  head,  and  substituting  in  its  place  a  forked  bar, 
rising  up  behind  each  ear,  v\ith  webs  fastened  to  it,  which 
pass  under  the  chin  and  occiput.  But  this  is  not  an  im- 
provement, but  a  deterioration  of  M.  Vaeher's  machine,  as 
it  prevents  the  head  from  turning  with  facility  to  either  side. 
Another  objection  is,  that  its  being  worn  when  the  mus- 
cles of  the  back  are  in  action,  it  is  rather  calculated  to  pre- 
vent the  curvature  of  the  spine  from  becoming  greater,  than 
to  extend  the  spine,  and  diminish  its  curvature. 

For  this  latter  purpose  I  have  made  a  steel  bow,  which 
receives  the  head  longitudinally  from  the  forehead  to  the 
occiput  ;  having  a  fork  furnished  with  a  web  lo  sustain  the 
chin,  and  another  to  sustain  the  occput.  The  summit  of 
the  bow  is  fixed  by  a  swivel  to  the  board  going  behind 
the  head  of  the  bed  above  the  pillow.  The  bed  is  to  be 
inclined  from  the  head  to  the  feet  about  twelve  or  sixteen 
inches.  Hence  the  patient  would  be  constantly  sliding 
down  during  sleep,  unless  supported  by  this  bow,  with 
webbed  forks,  covered  also  with  fur,  placed  beneath  the 
chin,  and  beneath  the  occiput.  There  are  also  proper 
webs  lined  with  fur  for  the  hands  to  take  hold  of  occa- 
sionally, and  also  to  go  under  the  arms.  By  these  means 
I  should  hope  great  advantage  from  gradually  extending 
the  spine  during  the  inactivity  of  the  muscles  of  the  back; 
and  that  it  may  be  done  without  disturbing  the  sleep  of 
the  patient ;  and  if  this  should  happen,  the  bow  is  made 
to  open  by  a  joint  at  the  summit  of  it,  so  as  to  be  in- 
stantly disengaged  from  the  neck  by  the  hand  of  the  wearer. 
This  bow  I  have  not  yet  had  opportunity  to  make  use  of, 
but  it  may  be  had  from  Mr.  Harrison,  whitesmith^,  Bridge- 
gate,  Derby, 
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It  will  be  from  hence  easily  perceived,  that  all  other  me- 
thods oF  confining  or  directing  the  growth  of  voung  people 
should  be  used  with  great  skill ;  such  as  back-boards,  or 
bandages,  or  stocks  for  the  feet :  and  that  their  application 
should  not  be  continued  too  long  at  a  time,  lest  worse  con- 
sequences should  ensue  than  the  deformity  they  were  de- 
signed to  remove.  To  this  may  be  added,  that  the  stiff  erect 
attitude  taught  by  some  modern  dancing-masters  does  not 
contribute  to  the  grace  of  the  person,  but  rather  militates 
against  it  ;  as  is  well  seen  in  one  of  the  prints  in  Hogarlh's 
Analysis  of  Beauty;  and  is  exemplified  by  the  easy  grace  of 
some  of  the  ancient  statues,  as  of  the  Venus  de  Medici,  and 
the  Antinoiis,  and  in  the  works  of  some  modern  artists,  as 
in  a  beautiful  print  of  Hebe  feeding  an  eagle,  painted  by 
Hamilton,  and  engraved  by  Eginton,  and  many  of  the 
figures  of  Angelica  Kauffman. 

Where  the  bone  of  one  of  the  vertebrae  of  the  back  has 
been  swelled  on  both  sides  of  it,  so  as  to  become  protube- 
rant, issues  near  the  swelled  part  have  been  found  of  great 
service.  This  has  induced  me  to  propose  in  curvatures 
of  the  spine,  to  put  an  issue  on  the  outside  of  the  curve, 
where  it  could  be  certainly  ascertained,  as  the  bones  on 
the  convex  side  of  the  curve  must  be  enlarged  ;  in  one  case 
i  thought  this  of  service,  and  recommend  the  further  trial 
of  it. 

In  the  tendency  to  curvature  of  the  spine,  whatever 
strengthens  the  general  constitution  is  of  service  ;  as  the  use 
of  the  cold  bath  in  the  summer  months.  This,  however,  re- 
quires some  restriction  both  in  respect  to  the  degree  of  cold- 
ness of  the  bath,  the  time  of  continuing  in  it,  and  the  sea- 
son of  the  year.  Common  springs,  which  are  of  forty-eight 
degrees  of  heat,  are  too  cold  for  tender  constitutions,  whe- 
ther of  children  or  adults,  and  frequently  do  them  great  and 
irreparable  injury.  The  coldness  of  river  water  in  the  sum- 
mer months,  which  is  about  sixty-eight  degrees,  or  that  of 
Matlock,  which  is  about  sixty-eight,  or  of  Buxton,  which 
is  eighty-two,  are  much  to  be  preferred.  The  time  of  con- 
tinuing in  the  bath  should  be  but  a  minute  or  two,  or  not 
so  long  as  to  occasion  a  trembling  of  the  limbs   from  cold. 

In 
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In  respect  to  the  season  of  the  year,  delicate  children  should 
certainly  only  bathe  in   the  summer  months';'  as  the  going 
.frequently  into  the  cold  air  in  winter  will  answer  all  the  pur- 
poses of  the  cold  bath. 

Claudicatio  coxaria.  Lameness  of  the  hip.  A  nodding  of 
the  thigh  bone  is  said  to  be  produced  in  feeble  children  by' 
the  softness  of  the  neck  or  upper  part  of  that  bone  beneath 
the  cartilage;  which  is  naturally  bent,  and  in  this  disease 
bends  more"  downwards,  or  nods,  by  the  pressure  of  the 
body,  and  thus  renders  one  leg  apparently  shorter  than  the' 
other.  In  other  cases  the  end  of  the  bone  is  protruded  out' 
of  its  socket,  by  inflammation  or  enlargement  of  the  carti- 
lages or  ligaments  of  the  joint,  so  that  it  rests  on  some  part 
of  the  edge  of  the  acetabulum,  which  in  time  becomes  filled 
up.  When  the  legs  are  straight,  as  in  standmg  erect,  there 
is  no  verticillary  motion  in  the  knee-joint;  all  the  motion' 
then  in  turning  out  the  toes  further  than  Nature  designed, 
must  be  obtained  by  straining  in  some  degree  this  head  of  the 
thigh  bone,  or  the  acetabulum,  or  cavity,  in  which  it  moves. 
This  has  induced  me  to  believe,  that  this  misfortune  of  the 
nodding  of  the  head  by  the  bone,  or  partial  dislocation  of  it, 
by  which  one  leg  becomes  shorter  than  the  other,  is  some- 
times occasioned  by  making  very  young  children  stand  in 
what  are  called  stocks ;  that  is,  with  their'  heels  together, 
and  their  toes  quite  out.  Whence  the  socket  of  the  thigh 
bone  becomes  inflamed  and  painful,  or  the  neck  of  the  bone 
is  bent  downward  and  outwards. 

In  this  case  there  is  no  expectation  of  recovering  the 
straightiiess  of  the  end  of  the  bone :  but  these  patients 
are  liable  to  another  misfortune,  that  is,  to  acquire  after- 
wards a  distortion  of  the  spine ;  for  as  one  leg  is  shorter 
than  the  other,  they  sink  on  that  side,  and  in  consequence 
btnd  the  upper  part  of  their  bodies,  as  their  shoulders,  the 
contrary  way,  to  balance  themselves  ;  and  then  again  the 
neck  is  bent  back  again  towards  the  lame  side,  to  preserve 
the  head  perpendicular ;  and  thus  the  figure  becomes  quite 
distorted  like  the  letter  S,  owing  originally  to  the  deficiency 
of  the  length  of  one  limb.  The  only  way  to  prevent  this 
curvature  of  the  spine  is  for  the  child  to  wear  a  high-heeled 
C  3       •  "        &hoe 
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shoe  or  patten  on  the  lame  foot,  so  as  to  support  that  side 
on  the  same  level  with  the  other,  and  thus  to  prevent  a 
greater  deformity. 

I  have  this  day  seen  a  young  lady  about  twelve,  who  does 
not  limp  or  waddle  in  walkmg;  but  nevertheless,  when 
she  stands  or  sits,  she  sinks  down  towards  her  right  side, 
and  turns  out  that  toe  more  than  the  other.  Hence, 
both  as  she  sits  and  stands,  she  bends  her  body  to  the  right ; 
whence  her  head  would  hang  a  little  over  her  right  shoulder: 
but  to  replace  this  perpendicularly,  she  lifts  np  her  left 
shoulder  and  contracts  the  muscles  on  that  side  of  the  neck; 
which  are  therefore  become  thicker  and  stronger  by  their 
continued  action  ;  but  there  is  not  yet  any  very  perceptible 
distortion  of  the  spine. 

As  her  right  toe  is  turned  outward  rather  more  than  na- 
tural, this  shows  the  disease  to  be  in  the  hip-joint  j  because, 
when  the  limb  is  stretched  out,  the  toe  cannot  turn  hori- 
zontally in  the  least  without  moving  the  end  of  the  thigh 
bone  ;  although  when  the  knee  is  bent,  the  toe  can  be  turn- 
ed through  one  third  or  half  of  a  circle  by  the  rotation  of 
the  tibia  and  fibula  of  the  leg  round  each  other.  Hence  if 
children  are  set  in  stocks  with  their  heels  touching  each 
other  as  they  sit,  and  are  then  made  to  rise  up,  till  they 
stand  erect,  the  socket  or  head  of  the  thigh  bone  becomes 
injured,  especially  in  those  children  whose  bones  arc  soft ; 
and  a  shortness  of  that  limb  succeeds,  either  by  the  bend- 
ing of  the  neck  of  the  thigh  bone,  or  by  its  getting  out  of 
the  acetabulum  ;  and  a  consequent  rising  of  one  shoulder 
and  a  curvature  of  the  spine  is  produced  from  so  distant  a 
cause. 

M.  M.  An  elastic  cushion  made  of  curled  hair  should  be 
placed  under  the  affected  hip,  whenever  she  sits  j  or  should 
be  fitted  to  the  part  by  means  of  drawers,  so  thai  she  cannot 
avoid  sitting  on  it.  A  neck-swing,  and  lying  down  in  the 
day,  should  be  occasionally  used  to  prevent  or  remove  any 
curvature  of  the  spine. 

Sf)'ma  protuheraiis,  Protuberant  spine.  One  of  the  bones 
of  the  spine  swells,  and  rises  above  the  rest.  This  is  not  an 
itiicommon  disease,  and  belongs  to  the  inuutrilion  of  the 

bones. 
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bones,  as  the  bone  must  become  soft  befdre  it  swells ;  which 
softness  is  owing  to  defect  of  the  secretion  of  phosphorated 
calcareous  earth.  The  swelling  of  the  bone  compresses  a 
part  of  the  brain,  called  the  spinal  marrow, within  the  cavity 
of  the  back-boues;  and  in  consequencf  the  lower  limhs  be- 
come paralytic,  attended  sometimes  with  difficulty  of  empty- 
ing the  bladder  and  rectum. 

M.  M.  Issues  put  on  each  side  of  the  prominent  bone  are 
of  great  effect,  I  suppose,  by  their  stimulus;  which  excites 
into  action  more  of  the  sensorial  powers  of  irritation  and 
sensation,  and  thus  gives  greater  activity  to  the  vascular  sy- 
stem in  their  vicinity.  The  methods  reconnnended  in  distor- 
tion of  the  spine  are  also  to  be  attended  to. 

[To  be  continued.] 
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[Concluded  from  vol.  xxxi.  p.  2J3.] 

IV.  Composition  of  Oxalic  Acid. 

±  HE  knowledge  of  the  relative  weights  of  the  elements 
which  compose  oxalic  acid,  though  of  importance,  is  not 
sufficient  to  convey  a  clear  idea  of  this  compound,  and  in 
what  respect  it  differs  from  tartaric  acid,  alcohol,  sugar,  and 
various  other  bodies  possessing  very  different  properties, 
though  composed  of  the  very  same  elements  in  different  pro- 
portions. 

It  has  been  ascertained,  by  numerous  and  decisive  expe- 
riments, that  elementary  bodies  always  enter  into  combina- 
tions in  determinate  proportions,  which  may  be  represented 
by  numbers.  For  example,  the  numbers  which  correspond 
to  the  four  elements,  oxygen,  azote,  carbon,  and  hydrogen, 
are  the  following : 

Oxygen  6 

Azote        -       5 

Carbon      -       4*5 

Hydrogen         1 

C  4  Now, 
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Now,  in  all  compounds  consisting  of  these  ingredients,  the 
proportion  of  the  difTerent  constituents  may  always  be  rc*. 
presented  by  these  numi)€r3,  or  by  multiples  of  them  ;  thus, 
the  composition  of  the  following  substances  may  be  thus- 
stated  : 


Oxygen. 

Hydrogen. 

Carbpn. 

A^otC;/. , 

Water 

6 

+   1 

Carbonic  oxide 

6 

+  4-5 

Carbonic  acid 

3X6 

+  4-3 

Carburet  ted  hydrogen 

- 

2    X    1   i+  4-3 

defiant  gas 

- 

1   1+  4-5 

Nitrous  gas 

6 

+  ^ 

Nitric  acid 

2x6 

_  1  _ 

+  5I 

Nitrous  oxide 

6 

-  1  - 

+  2   X  5\ 

From  the  knowledge  of  this  curious  law,  it  is  difficult  to 
avoid  concluding  that  each  of  these  elements  consists  of  atoms 
of  determinate  weight,  which  combine  according  to  certain 
fixed  proportions,  and  that  the  numbers  above  given  repre- 
sent the  relative  weights  of  these  atoms  respectively.  Thus, 
an  atom  of  oxygen  weighs  six,  an  atom  of  hydrogen  one, 
&C.  Water  is  composed  of  one  atom  of  oxygen,  and  one 
atom  of  hydrogen  ;  carbonic  acid  of  two  atoms  of  oxygen", 
and  one  of  carbon,  &c.  This  curious  theory,  which  promises 
to  throw  an  unexpected  light  on  the  obscurest  parts  of  che- 
mistry, belongs  to  Mr.  Dalton.  I  have  elsewhere  illustrated 
it  at  considerable  length*. 

The  same  law  holds  with  respect  to  the  salts.  The  acid 
and  bases  always  combine  in  determinate  proportions.  Wc 
may  affix  numbers  to  all  the  acids  and  bases,  which  num- 
bers, or  their  multiples,  will  represent  all  the  conjbinations 
into  which  these  bodies  enter.  Some  of  these  numbers  are 
given  in  the  following  table  : 

Sulphuric  acid     33        Barytcs       67 
Muriatic  acid       18         Soda  24 

Carbonic  acid      16'5     Lime  23 

Nitric  acid  17       Ammonia     6 


•  Sec  System  of  Chemistry,  iii.  42),  &c,  3d  edition. 


These 


On  Oxalic  ^cid.  A=^ 

I  hese  numbers  may  he  conceived  to  represent  the  relative 
weights  of  an  integrant  particle  of  each  of  these  substances; 
formed  on  the  supposition  that  ari  atorri  o'f^hydrugen  vi'eighs  1. 
It  follows  equally  froirt  this  law,  that  the  acids  and  base* 
combine  particle  with  particle,  or  a  certain  determinate  auin- 
befjof particieSjOf  the  oilewith  a  particle  offitHe  dther-^l'iua 
.  One  )of  the  most  important  pbints  in ,th€  ioivesiigatioiiQ^ 
cpinpound  bojclies,  i&to  ascertain  the' number  which  denotes 
the  weight  of  an,  integi^anti  particle  of  each;  of. 'thcm^  thai  oti 
an  atom  of  ,hy,drogen  being  1;  because  this  number,  or  a 
multiplG  of  it,  represeilts.tbe  weight  of  each,  w  hich  enters.- 
into  all  combinations  ;^  ajid  because  it,.enable;s  ns.to  estimate* 
the  num,bt"r  of  elementary  atoms  of-wbi^h>  each  is  composed^ 
Frooi  a  careful  ,compari.spi>,Qt'  the'table  osi"  oxalates,  given  in 
a  preceding  part  of  this  paper,-  \viih;  thn  >^icight  of  the  dilTe-. 
rent  bases;  already  dli^tcrmined  *,  it  appears  that  the  weight 
of  an  integrant  particle  of  oxalic  acid  must  be  represented 
by  the  number  39"5.  '  ,,  . 

Now,  wliat  number  oFatoms  of  oxygen,  carbon,  9nd  hy- 
drogen,, go  to  constitute  an  integrant  particle  of  oxaliK:  acid? 
We  have  assigned  vhe  relative  weights  of  each  of  these 
atoms,  find  we  have  ascertained  the  relative  proportions  of 
the  respective  elements  of  oxalic  acid.  From  these  data  it  is 
easy  to  solve  the  problem.  An  integrant  particle  of  oxalie. 
acid  consists  of  nine  atonis  combined  together,  namely,  foyr 
atoms  of  oxygen,  three  of  carbon,  and  two  of  hydrogen. 
4  atoms  of  oxygen  weigh  4  x  G  =  2  i 
'    ^  atoms  of  carbon  3  x  4-5  =  13-5 

2  atoms  of  hydrogen  2x1       =3 

Total  39-5 

which  together  make  up  the  weight  of  an  integrant  particle 
of  oxalic  acid. 

According. to  these  proportions,  100  parts  of  oxalic  acid 
is  composed  of 

*  For  ihese.tvfiphts,  and  the  method  of  detcnnioinn^  them,  I  refer  the 
reader  to  my  System  of  Chemistry,  Sd  edition,  iii.  619.  The  numbei-s  which 
I  have  lher#  asbi^ned  are,  I  am  persuaded,  ja;her  too  low. 

OxN'.ii;en 
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Oxygen         -         61 
Carbon  -         34 

Hydrogen     -  5 

100 

numbers  which  do  not  indeed  exactly  correspond  with  the 
result  of  the  preceding  analysis,  but  which  approach  suffi- 
ciently near  it  to  give  the  reasoning  employed  considercible 
probability  at  least,  if  it  does  not  lead  to  certainty. 

We  mav  now  examine  the  decomposition  which  takes 
place  when  oxalate  of  lime  is  exposed  to  heat.  Let  an  atom 
of  oxygen  be  w,  an  atom  of  carbon  c,  and  an  atom  of  hy- 
drogen h.  An  integrant  particle  of  oxalic  acid  may  be  repre- 
sented by^tv  +  3c  +  2h.  We  may  represent  the  com- 
position and  weight  of  an  integrant  particle  of  each  of  the 
substances  into  which  oxalic  acid  is  decomposed  by  heat, 
by  the  following  symbols  and  numbers  : 

Carbonic  acid  -  2  iv  +  c  weight  16-5 
Carburettcd  hydrogen  c  +  2  h  -  6-5 
Carbonic  oxide  -  w  +  c  -  10'5 
Water  -         -         w  +  k         -7 

Charcoal          -         -  c         -       4-5 

We  may  now  conceive  three  particles  of  oxalic  acid  to  be 
decomposed  at  once,  and  to  resolve  themselves  into  these 
substances,  in  the  following  proportions : 

4  particles  of  carbonic  acid  ==  8  lu  +  4  c 

2  particles  of  carburetted  hydrogens   -      -    2  c  +  4  A 

2  particles  of  carbonic  oxide  =  2  iv  +  <2  c 

2  particles  of  water        -         -  =2w---\-2k 
1  particle  of  charcoal              -         =  -       -    \  c 

Total  \2w  -\-  Qc  +  6/i 

3  particles  of  oxalic  acid        -         :=zl2iv  +  gc  +  6h 


We  see  that  such  a  decomposition  is  possible.  It  remains 
only  therefore  to  sec  whether  the  weights  of  these  substances, 
which  result  from  this  hypothesis^  correspond  with  the  pre- 
ceding analysis.     Now, 

4  particles 
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4  particles  of  carbonic  acid  weigh  4  x   16*5  =  66 

2  particles  of  carburetted  hydrogen  2   x     6*5  ^  13 

2  particles  of  carbonic  acid  2  X   10*5  =  21 

2  particles  of  water         -         -  2x7      =14 
1  particle  of  charcoal              •  4*5  =    4*5 

Total  118-5 


Reducing  these  proportions  to  100  parts  of  acid,  and 
joining  together  the  two  inflammable  gases,  the  numbers 
come  out  as  follows  : 

Carbonic  acid         55*70  we  actually  obtained  59*53 
Inflammable  air      25-69  -         -         .         24-28 

Water  -  11-81         -         -         -  11*51 

Charcoal       -  3-80         -         -         -  4*68 


100-00  100*00 


It  is  impossible  to  expect  exact  correspondence  between 
the  theory  and  hypothesis,  till  the  numbers  representing  the 
weights  of  the  elementary  atoms  be  ascertained  with  more 
rigid  accuracy  than  has  hitherto  been  done.  I  satisfied  my- 
self with  taking  the  nearest  round  numbers,  which  are  suf-. 
ficient  at  least  to  show  an  evident  approximation  to  the  pro- 
portions obtained  by  experiment. 

V.  Composition  ofSiigarj  mid  Formation  of  Oxalic  Acid, 

When  a  compound  body  is  decomposed,  and  resolved  into 
a  number  of  new  substances,  the  products  are  almost  always 
simpler,  or  consist  of  integrant  particles,  composed  of  fewer 
atoms  than  the  integrant  particles  of  the  original  body.  Thus, 
though  oxalic  acid  is  composed  of  nine  atoms,  none  of  the 
products  evolved,  when  that  acid  is  decomposed  by  heat, 
contain  more  than  three  atoms.  Hence  it  is  probable  that 
sugar  is  a  more  compound  body  than  oxalic  acid,  because 
nitric  acid  resolves  it  into  a  variety  of  new  compounds,  one 
of  which  is  oxalic  acid.  It  may  be  worth  while  to  examine 
the  action  of  nitric  acid  on  sugar,  and  the  formation  of 
oxalic  acid,  more  closely  than  has  hitherto  been  done,  as 
the  investigation  will  furnish  some  data  for  estimating  the 
composition  of  sugar. 

Two 
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Two  hundred  grains  of  pure  crystallized  sugar  be^ng 
treated  with  diluted  nitric  acid  in  the  usual  way,  yif-lded  200 
cubic  inches  of  carbonic  acid,  64  cubic  inches  of  nitrous  gas, 
and  70  cubic  inches  of  azotic  gas.  But  these  numbers, 
though  the  result  of  a  good  many  experiments,  are  not  to  be 
considered  as  very  exact.  The  uncertainly  depends  upon  the 
property  which  the  solution  has  of  producing  more  gas  after 
the  sugar  is  decomposed,  at  the  expense  of  the  oxalic  acid 
formed.  Now,  it  is  difficult  to  stop  at  the  precise  point. 

The  whole  weight  of  oxalic  acid,  which  can  be  obtained 
from  200  grains  of  sugar,  amounts  to  116  grains.  If  the 
experiment  be .  properly  conflucted,  the  whole  of  the  sugar 
is  decomposed,  or  at  least  the  quantity  of  residuary  matter 
is  small. 

From  the  preceding  statement,  there  is  reason  to  conclude 
that  100  grains  of  sugar,  when  decomposed  by  nitric  acid, 
yield. 

Grains, 

1.  Oxalic  acid  crystals  58  grains,  or  real  acid         45 

2.  Carbonic  acid  100  cubic  inches,  equivalent  to    46*5 
while  these  are  evolved  obviously  by   the  decomposition  of 
the  nitric  acid. 

1.  Azotic  gas  35  cubic  inches  equivalent  to  10'62 

2.  Nitrous  gas  S-?  cubic  inches  equivalent  to  10-65 
Now,  as  nitric  acid  contains  no  carbon,  it  is  obvious  that 

the  oxalic  acid  formed,  and  the  carbonic  acid  evolved,  must 
contain  the  whole  carbon  contained  in  100  grains  of  sugar. 

Grains. 

45     grains  of  oxalic  acid  contain  of  carbon   14-40 
4G-5  grains  of  carbonic  acid  contain  of  ditto   13-02 

Total  27-42 

therefore  lOO  grains  of  sugar  contain  271  grains  of  carbon. 

The  azotic  gas  and  nitrous  gas  must  have  been  originally 
in  the  state  of  nitric  acid,  and  must  have  given  out  oxygeu 
Vk'hen  they  were  evolved.  But  nitric  acid  is  com[)oecd  of 

Oxvgcu. 

Azote         -         10-62   +    25 
Nitrous  gas         10-85  +     45 
20-5 

Therefore 
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Therefore  they  must  have  parted  with  29*5  grains  of  oxy- 
gen. We  are  at  liberty  to  suppose  that  the  whole  of  thi« 
oxygen  went  to  the  formation  of  carbonic  acid.  Now,  46*1 
grains  of  carbonic  acid  are  composed  of 

Grains. 

Oxygen       -       33-5 
Carbon        -        13'0 

46-5 

From  this  it  appears,  that  in  the  carbonic  acid  there  were 
four  grains  or  oxvgen  more  than  was  furnished  by  the  nitric 
acid.  I  confess  I  am  disposed  to  ascribe  this  surplus  to 
errors  in  the  experiments,  and  to  believe  that  the  w  hole  of 
the  oxygen  of  the  carbonic  acid  was  furnished  by  the  nitric 
acid.  This  being  admitted,  it  follows  that  the  carbon  of 
the  carbonic  acid,  and  the  whole  constituents  in  the  oxalic 
acid,  were  furnished  by  the  sugar.  These  are  as  follows: 

Grains. 

Carbon  .         _  _  27"5 

Oxvgen  in  43  grains  oxalic  acid    28*8 
Hydrogen  in  ditto  -  ivs 

58-1 

If  this  total  be  subtracted  from  the  100  grains  of  sugar  tis.ed, 
there  will  be  a  remainder  of  41*9  grains.  As  this  quantity  of 
the  sugar  has  disappeared,  and  is  no  where  to  be  found  among 
the  products,  we  must  suppose  that  it  has  assumed  the  form 
of  water.  Now  41 '9  grains  of  water  are  composed  of 

Oxygen  35*9 

Hydrogen        Q 

41-9 

Adding  thse  quantities  to  the  preceding  productSj  we  obtaia 
the  composition  of  sugar,  as  follows  ; 

Oxygen  64*  7 

Carbon  27  "5 

Hydrogen        7*8 

100-0 

Thou'i-h 
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Thou^  the  process  of  reasoning,  which  led  to  this  ana- 
lysis of  sugar,  is  too  hypothetical  to  be  trusted  implicitly, 
yet  I  am  persuaded  that  it  is  to  a  certain  degree  correct,  and 
that  the  result  obtained  does  not  deviate  very  far  from  the 
truth.  If  we  compare  Lavoisier's  statement  of  the  compo- 
sition of  sugar  obtained  in  a  different  manner,  though  by  a 
mode  of  reasoning  not  less  hypothetical,  we  shall  be  surprised 
at  its  near  coincidence  with  mine.  His  numbers  are 

Oxygen  (i4 

Carbon  28 

Hydrogen  8 

100 

It  is  true  that  two  different  hypotheses  may  lead  to  the  same 
result,  and  yet  be  both  wrong  j  but  this  becomes  infinitely 
improbable  in  the  present  case,  when  we  consider  that  the 
proportion  of  carbon,  which  I  assign  to  sugar,  must  at  all 
events  be  nearly  correct. 

We  have  no  direct  method  of  determining  the  v.'eighl  of 
an  integrant  particle  of  sugar;  but  if  the  accuracy  of  the 
preceding  analysis  be  admitted,  it  furnishes  us  with  an  in- 
direct one,  which  cannot  be  rejected  ;  for  it  is  clear,  that 
the  atoms  of  oxygen,  carbon,  and  hydrogen,  will  be  to  each 
other  respectively,  as  the  numbers  ^-^y  ||-,  -f- ;  and  these 
numbers  reduced  to  their  lowest  terms  become  5,  3,  4, 
nearly,  which  being  primes  with  respect  to  each  other,  must 
represent  the  number  of  atoms  of  which  an  integrant  par- 
ticle of  sugar  is  composed.  Sugar  then  "is  a  compound  of 
12  atoms;  namely,  five  of  oxygen,  three  of  carbon,  and 
four  of  hydrogen  ;  the  weight  of  an  integrant  particle  of  it 
is  47*5,  and  its  symbol  is  5  ir  +  3  c  +  4  ^.  It  differs  from 
oxalic  acid  merely  in  containing  an  additional  atom  of  oxy- 
gen and  two  of  hydrogen.  If  we  had  any  method  of  re- 
moving these  substances,  without  altering  the  proportion  of 
the  other  constituents,  we  should  obtain  a  much  greater 
quantity  of  oxalic  acid  from  sugar  than  we  can  at  present; 
but  nitric  acid  acts  by  removing  one-half  of  the  carbon  in 
the  form  of  carbonic  acid  ;  the  sugar  deprived  of  this,  re- 
Solves  itself  into  oxalic  acid  and  water.  Suppose  two  par- 
1  tides 
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tides  of  sugar  acted  on  at  once,  the  symbol  tor  them  will 
ht  10  IV  -\-  Qc  +  8h.  Lei  ihree  atoms  of  the  carbon  be 
removed  b\  -lie  action  of  the  nitric  acid;,  there  will  remain 
10  to  +  3  c  -{■  b  h.     Now 

A  particle  of  oxalic  acid    =^w-\-3c-\-2h 
Six  particles  of  water         =:  Q  w  -     -   -\-  Q  h 

\0  IV  +  3  c  +  S  fi 


-which  is  just  the  quantity  of  oxalic  acid  left.  This  will  give 
us  some  idea  of  the  way  in  which  the  formation  of  oxalic 
acid  by  nuric  acid  is  accomplished.  And  although  the  series 
of  changes  is  probably  more  complicated,  yet  they  are  ulti- 
mately equivalent  to  the  preceding  statement.  I  allude  to 
the  formation  of  malic  acid,  which  is  said  to  precede  the 
oxalic  acid,  and  afterwards  to  be  converted  into  it  by  the 
subsequent  action  of  nitric  acid ;  but  on  the  composition 
and  formation  of  this  latter  acid,  I  avoid  making  any  obser- 
vations at  pre:?ent,  as  I  propose  to  make  them  the  subject 
of  a  separate  dissertation. 


VI.  Memoir  on  the  Incomlustible  Man ;  or  the  pretended 
Phcpnoinenon  of  Incomhiistihility.  Translated  from  the 
Italian  ofLovis  Sementtni,  M.D.,  chief  Professor  of 
Chemistry  in  the  Royal  University  q/^  Naples* » 

Preface. 

X  HAVE  undertaken  this  short  treatise  after  performing  se- 
veral experiments  in  the  presence  of  some  of  my  learned 
friends,  on  the  pretended  mcombustibility.  Tt  is  extraordi- 
nary, that  in  examining  all  the  phasnomena  which  Seiior 
Lionetto  has  exhibited  to  the  public,  no  one  has  mentioned 
the  most  extraordinary  of  them,  his  proposal  ta  enter  aa 
pven,  (I  know  not  at  what  degree  of  Reaumur's  thermome- 

*  For  this  curious  memoir  we  are  indebted  to  Dr.  Wollaston,  Sec.  and 
F.  R.  S.  We  have  frequently  had  occasion  to  notice  the  performances  of 
Senor  Lionetto  in  our  former  volumes,  but  the  above  is  the  only  scientific 
account  as  yet  published. 

ter,) 
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fer,)  with  n  piece  of  raw  mutton  in  one  hand  and  an  egg  in 
the  other,  &e.  But,  it"  the  phsenonienon  does  not  exist, 
what  reproach  should  I  not  n>erit  for  having  hazarded  an 
examination  of  an  iniaginary  fact?  Dr.  Horstis  fell  into 
this  error,  in  wishing  to  give  a  physical  explanation  of  the 
golden  tooth  of  the  boy  from  Hilesia,  without  first  ascer- 
taining if  the  phasnomenon  reallv  existed,  or  was  the  effect  of 
illusion,  as  the  fact  was  afterwards  publicly  known  to  be  a 
ilcception.  Now  returning  .to  the  proposal  of  the  oven, 
without  entering  into  any  sublime  theory,  I  can  venture  to 
assure  any  person  whatever,  that  Lioneito  never  entered  an 
m'en,  nor  will  he  enter  one  near  us :  this  I  shall  repeat  till 
the  very  moment  in  which  myself  and  others  may  see 
him  enter  it;  so  well  persuaded  am  I  that  he  cannot  realize 
]m  proposal,  if  the  oven  has  no  partieular  construction  which 
alters  its  na'.ure  and  effects.  There  are  indeed  some  instances 
of  persqns  having  suffered  the  action  of  a  very  high  tempe- 
rature fof  some  time:  b^t  there  is  a  great  difference  between 
a  })tace  simply  heated  where  the  air  had  access,  and  a  close 
o\eiu 

Memoir,  ^c. 
The  arrival  of  a  man  calling  himself  incombustible,  who 
treated  hot  iron  in  various  manners,  drank  boiling  oil,  and 
handled  liquid  lead.  Sec,  was  scarcely  announced,  when 
this  interesting  phaenomenon  engaged  me  so  much,  that  I 
left  no  means  untried  by  which  I  might  be  enabled  to  form 
an  opinion  of  it.  First,  it  was  indispensably  necessary  to 
asceitain  the  fact,  by  assisting  assiduously  at  the  experiment* 
which  Senor  Lionetto,  otherwise  called  the  irtcomliistible 
man,  presented  to  the  public.  I  approached  as  near  to  him 
a?  possible,  that  I  might  observe  minutely  whatever  was 
iTio'^t  particular  in  his  experiments — of  which  the  following 
i«  an  aceoimt. 

.  Sefior  Lionetto  commenced  the  proof  of  his  incombusti- 
bility by  putting  over  his  head  a  thin  plate  of  red-hot  iron, 
v'hich,  at  least  in  appearance,  did  not  alter  his  hair.  The 
iron  had  scarcely  conic  in  contact  with  it,  when  a  consider- 
able quantity  of  dense  while  vapour  was  seen  to  arise.  A 
second  j^late  of  red-hot  iron  was  likewise  passed  over  the 
-'   •  whole 
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whole  extent  of  his  arm  and  leg.  With  another  red-hot 
iron  he  struck  his  heel  and  the  point  of  the  foot  repeatedly: 
in  this  experiment  the  contact  of  the  fire  was  longer  than  in 
any  of  the  preceding.  From  the  sole  of  his  foot  so  much 
vapour  was  disengaged,  that  being  very  near  the  experi- 
menter, mv  eves  and  nose  were  sensibly  affected.  He  also 
put  between  his  teeth  a  heated  iron,  which,  although  not 
red-hot,  was  still  capable  of  burning 

It  was  announced  that  he  had  drunk  half  a  glass  of  boiling 
oil ;  but,  in  fact,  1  found  that  he  had  never  drunk  such  a  dose, 
and  that  he  had  performed  this  twice  by  introducing  a  little 
into  his  mouth,  not  more  than  the  third  part  of  a  spoonful, 
at  a  time.  Ii  was  likewise  said  that  he  had  washed  his  hands 
and  face  in  boiling  lead  ;  but  he  now  practised  such  an  ex- 
periment onlv  in  rapidly  bath.ng  the  extremities  of  his  fingers 
in  liquid  lead,  and  also  carrying  a  very  small  portion  of  it 
on  his  tongue.  He  afterwards  passed  a  piece  of  red-hot  iron 
over  his  tongue,  without  showing  the  least  painful  sensation. 
His  tongue,  which  I  was  able  distinctly  to  observe  in  this 
often-repeated  experiment,  was  covered  with  a  crust  similar 
to  what  is  seen  on  the  tongues  of  persons  in  fevers ;  that  is 
to  say,  it  was  covered  with  a  kind  of  paste  of  a  dirty  gray 
colour.  He  exposed  his  foot  again  to  the  flame  of  burning 
oil,  but  kept  it  at  a  certain  distance.  In  short,  he  threw 
sulphuric,  nitric  and  muriatic  acids  on  inflamed  charcoal, 
and  inmiediately  exposed  his  i'ace  over  the  vapours  which 
arose  from  those  acids,  keepin.g  a  small  part  of  it  in  that 
situation. 

The  experiment  with  which  Seaor  Lionetto  is  accustomed 
to  terminate  his  exhibition,  is  that  of  passing  through  the 
skin  of  his  arm  a  thick  sold  pin,  which  he  does  without 
feeling  the  least  pain.  In  this  proof  of  his  insensibilky,  I 
observed  that  the  pin  entered  his  skin  with  djfficulty,  re- 
quiring such  a  force  as  if  it  had  to  perforate  dressed  leather. 
Now  although  at  first  view  this  fact  seemed  to  have  no  rela- 
tion with  the  others  practised  by  means  of  fire,  yet  it  ap- 
peared to  me  to  throw  some  light  on  the  examination  of  the 
phaenomena  relating  to  the  pretended  incombustibility.  From 
these  experiments,  which  T  have  seen  so  often  repeated,  I  fan- 

Vol.  32.  No.  li>5.  Oct.  1608.  D  cied 


50  Memoir  on  the  In  comb  us  title  Man  ; 

cied  that  Seiior  Lionetto's  skin  had  hecome  so  insensible, 
from  the  efl'ect  of  repeated  frictions  with  some  substances 
fit  to  produce  such  a  change,  by  siiniulaling  excessively  the 
nerves  and  the  vessels  of  the  skin,  and  by  recent  usage, 
that  it  was  capable  of  impeding  in  a  certain"  degree  the  free 
passage  of  caloric.  Besides  the  action  of  such  substances, 
I  thought  that  the  force  of  habit  nuist  always  have  added  to 
such  a  disposition,  and  that  even  the  frequent  impression 
of  the  fire  should  ha^'e  contiilnited  not  a  little  to  produce 
such  insensibility  in  his  skin  :  the  experiment  of  the  pin 
which  he  put  through  it,  was  to  me  no  light  argument  of 
its  hebetude, 

'I'hese  opinions,  however,  were  merely  the  effect  of  a 
system  dictated  by  reason,  and  a  knowledge  of  the  laws  of 
animal  life  :  but  had  I  not  known  the  means  used  to  render 
the  skin  incombustible,  nor  had  any  other  knowledge  of 
the  subject,  I  should  not  have  been  able  to  give  a  plausible 
explanation  of  the  more  surprising  phsenomena  ;  such  as  the 
red-hot  iron  which  he  so  often  passed  over  his  tongue  with-' 
out  suffering  any  painful  impression ;  and  much  less  with 
such  a  system  could  I  account  for  the  boiling  oil  which  he 
swallowed  :  neither  could  I  imagine  how  he  had  prepared 
the  internal  surface  of  the  oesophagus  or  of  the  stomach  ;  and 
in  what  manner  he  could  suffer  the  action  of  almost  red-hot 
iron,  which  he  put  between  his  teeth,  on  the  enamel  of 
which  it  is  not  possible  to  preserve  any  mixture. 

Instead  therefore  of  uselessly  wasting  time  in  simple 
conjectures,  I  resolved  to  adopt  the  best  experimental  art 
which  I  knew,  trying  on  myself  the  action  of  all  the  means 
proper  to  benumb  the  cutaneous  nerves,  and  to  clothe  the 
skin  with  a  substance  which  was  a  nonconductor  of  caloric. 
Few  substances  belonging  to  chemical  compositions,  or  to 
other  natural  bodies,  appeared  to  me  jiroper  for  the  pur- 
pose which  I  had  in  view.  The  sharp  sensation  wiiich 
was  excited  by  the  vapour  disengaged  by  the  contact  of  tlie 
fire  with  the  incombustible  membrane,  and  ilie  chemical 
reason,  induced  me  first  to  have  recourse  to  acid  substances, 
and  to  some  of  the  acidulous  salts.  It  would  be  too  tedious 
to  rehUe  in  detail  all  ihc  various  substances  and  experiments 

which 
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which  I  made  :  with  some  of  them  T  attempted  to  rub  my 
skin,  which,  after  the  liquids  dried,  was  always  sensible  in 
the  same  degree  to  the  action  of  the  fire. 

The  unfortunate  result  of  my   first  experiments  did  not 
discourage   me  ;  persuaded   that  by   the  effect  of  only  one 
rubbing;  it  was  not  possible  to  change  the  skin   in   such  a 
manner  as  to  render  it  insensible  to  the  action  of  fire.     I 
therefore  repeated  oftcner  on   the  same   part  the  frictions 
with  the  same  substance,  and    perceived  the  effect,  that  it 
gradually  becanie  less  and  less  sensible  to  the  action  of  ca- 
loric.    On  one  part  of  my  body  I   repeated  the  frictions  so 
often   with   dilute   [allungato)    sulphurous  acid,  that  I  was 
finally  able  to  pass  a  plate  of  red-hot  iron  over  it   without 
any  injury.     I  afterwards  discovered   that  dilute   sulphuric, 
nitric,  and  muriatic  acids  would   equallv  produce  the  same 
effect:  but  the  sulphurous  acid  is  preferable  to  all  the  others, 
as  it  produces    the   speediest   and   most    certain   effect.      I 
next  tried  the  action  of  acidulous  sulphat  of  alumine    and 
potash,  or  the  alum  of  commerce,  a  substance  distinguished 
for  its  property  of  preserving  bodies  from  the  action  of  fire. 
In  making  a  saturated  solution  of  this  salt,  I  discovered  how 
much  greater  styptic  powers  it  had  acquired  by  being  strongly 
agitated  or  boiled  (^oZ/Z/Ye  s«//a  5p?/D-/;a*).    With  the   fluid 
thus  prepared,  I  rubbed  one  part  of  my  arm  several  times, 
and  did  not  before  obtain   such  decided  results;  so  that  I 
have  ever  since  used  this  solution. 

These  essays,  however,  were  only  the  rudiments  of  a  know- 
ledge of  the  phasnomenon,  the  examination  of  which  was 
still  incomplete.  An  accidental  combination  afterwards  in- 
duced me  to  undertake  a  new  series  of  experiments,  by 
which  I  might  be  enabled  to  give  a  more  clear  explanation 
of  all  the  more  difficult  operations  executed  by  Lionetto. 
Wishing;  to  examine  if  washing  the  almost  incombustible 
part  would  make  it  lose  the  quality  it  had  acquired,  I  rub- 
bed il.with  hard  soap,  wasljcd  and  dried  it  with  a  cloth, 
and  applied  the  same  plate  of  red-hot  iron.  I  then  dis- 
covered, to  i"ny  surprise,  that  the  skin  of  that  part  not  only 

*  Does  the  author  mean  hunit  alum,  i.  e.  alum  boiled  ;jfr  se  on  an  iron 
shovel  without  water  ? 
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preserved  the  same  insensibility  to  the  action  of  red-hot  iron, 
but  had  even  become  stronger  than  at  lirst.  I  again  rubbed 
the  same  part  with  soap  without  wiping  it  with  the  cloth, 
and  passed  over  it  the  iron  very  red-hot,  without  feeling  any 
painful  sensation,  or  even  having  the  hair  burned.  Re- 
membering the  crust  which  I  observed  on  Lionelto's  tongue, 
I  determined  to  rub  mine  with  the  same  soap  ;  in  conse- 
quence of  which  it  became  equally  insensible  to  the  action 
of  fire.  I  began  with  pieces  of  iron  slightly  heated,  raising 
them  gradually  till  they  were  perfectly  red-hot.  I  njade  a 
soft  paste  of  soap  triturated  in  a  mortar,  and  water  saturated 
with  acidulous  sulphat  of  alumine  and  potash  {alum),  agi- 
tated or  boiled  as  above;  and  spreading  this  composition 
on  niy  tongue,  the  experiment  succeeded  completely.  Still 
more  simple  I  found  the  process  of  lirst  bathing  the  tongue 
with  sulphurous  acid,  and  afterwards  rubbing  it  often  with 
a  piece  of  soap.  The  experiment  succeeded  still  better  if 
after  bathing  the  tongue  with  this  acid,  I  covered  it  with  a 
thin  stratum  of  sugar  reduced  to  impalpable  powder,  and 
rubbed  it  afterwards  with  the  soap  in  the  same  manner.  The 
sugar  in  this  case,  like  a  mordant,  made  a  greater  quantity 
of  soap  attach  to  the  tongue,  and  adhere  more  solidly. 

By  this  mode  of  operating,  the  solution  of  alum,  or  of  di- 
lute sulphurous  acid,  may  be  adopted  at  pleasure  to  benumb 
the  nerves  of  the  tongue,  and  the  soap  is  a  most  efficacious 
means  of  obstructing  (lifrangere)  the  action  of  caloric,  the 
propagatioii  of  which  it  almost  perfectly  impedes.  Of  all 
the  known  substances,  indeed,  soap  is  that  which  of  all 
others  best  merits  the  name  of  restrainer  of  caloric,  as  I  shall 
show  on  another  occasion. 

From  these  experiments  f  proceeded  to  that  with  the  boil- 
ing oil,  putting  at  first  a  very  small  drop  considerably  heated 
on  the  tongue,  and  afterwards  increasing  the  dose  and  the 
temperature.  The  eftect  corresponded  precisely  to  my  expec- 
taliuii  :  the  oil  put  on  the  tongue  thus  prepared  made  a 
hissing  ntiise,  similar  to  thai  n)ade  by  red-hot  iron  when 
brought  in  contact  with  a  humid  body  ;  after  the  hissing  the 
oil  ceased  to  be  hot,  and  was  easily  swallowed,  perliaps  in  a 
Btatc  scarcely  tepid.  Thus  furnished  with  fact.^,  I  now  be- 
lieved 
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Jievcd  myself  in  a  state  to  give  the  following  explanation  of 
the  phcenomena  which  I  had  seen  executed  by  Senor  Lionetto. 

I.  The  hair  over  which  he  passed  the  plate  of  red-hot  iron 
had  been  first  bathed  in  a  solution  of  alum  or  in  sulphu- 
rous acid,  substances  with  which  it  was  still  wet  even  at  the 
moment  when  touched  with  the  iron.  Hence  the  origin  of 
the  vapour  which  arises  from  his  hair  in  this  experiment. 

II.  The  plate  of  red-hot  iron  with  which  he  rubbed  his 
leg  and  arm  produced  no  alteration,  because  those  parts  were 
prepared  \vith  the  substances  of  which  I  have  spoken. 

III.  The  same  reason  will  explain  the  phsenomenon  of 
the  stroke  which  he  gave  the  red-hot  iron  with  his  foot,  al- 
though the  contact  of  the  iron  in  this  experiment  was  longer : 
but  it  is  not  difficult  to  comprehend  how  the  sole  of  the  foot 
may  be  conveniently  prepared  for  this  purpose,  by  the  above 
or  similar  substances,  it  being  in  its  nature  the  most  callous 
and  least  sensible  part  of  the  body.  The  contact  however  of 
his  foot  with  the  plate  of  red-hot  iron  was  certainly  not  of 
very  long  duration  :  on  the  contrary,  it  clearly  appeared  in 
this  experiment,  more  than  in  any  other,  that  his  incom- 
bustibility did  not  surpass  a  certain  limit,  beyond  which  he 
might  be  burned,  and  like  others  was  highly  combustible. 

IV.  Wilh  regard  to  the  boiling  oil;  this  phasnomenon,  as 
being  the  most  striking  in  appearance,  merits  a  more  mi- 
nute examination.  To  understand  well  such  a  fact,  it  is 
necessary  to  know  the  following  particulars.  Senor  Lionetto 
took  the  inflamed  oil  from  the  fire,  and,  to  give  the  public  a 
proof  of  its  high  temperature,  immersed  in  it  a  certain  por- 
tion of  lead,  which  melted,  thereby  demonstrating  to  what 
degree  it  was  heated.  To  me  it  appears  that  such  an  artifice 
should  contribute  to  cool  the  oil :  this  is  clearly  manifested 
by  the  known  laws  of  caloric,  the  greater  part  of  which  is 
employed  in  the  fusion  of  the  lead.  I  was  better  convinced 
of  this  truth  in  repenting  the  same  experiment  with  a  ther- 
mometer in  my  hand,  which  after  the  fusion  of  the  lead  fell 
most  sensibly.  Of  all  the  oil  thus  reduced  to  this  tempera- 
ture, he  took  barely  a  quarter  of  a  spoonful ;  and  this  quan- 
tity he  dexterously  made  to  fall  on  his  tongue  only,  which 
was  perhaps  prepared  in  such  a  manner  that  it  cooled  in  an 
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instant  the  oil,  which  was  then  swallowed  scarcely  tepid. 
The  experimenter  certainly  never  drank  at  one  draught  alone 
the  dose  of  oil  which  he  swallowed  at  several  times,  nor 
ever  ventured  to  take  in  his  mouth  a  whole  spoonful  of 
bailing  oil. 

V.  The  experiment  with  liquid  lead,  of  which,  with  the 
extremity  of  his  fingers,  he  put  a  very  small  portion  not  in 
his  mouth,  but  on  his  tongue,  requires  no  other  explanation 
than  the  preceding. 

VI.  The  red-hot  iron  also  which  he  passed  repeatedly 
over  the  back  of  his  tongue  produced  no  alteration  on  it, 
as  he  had  perhaps  clothed  it  with  the  plaster  of  which  I 
have  already  spoken. 

VII.  Washing  himself  with  nitric  acid,  exposing  his 
face  to  the  vapours  which  arose  from  Sulphuric  or  nitric  acids 
thrown  on  the  fire,  are  experiments  equivalent  to  those  with 
sulphurous  and  nitrous  acid ;  and  also  putting  his  face  ex- 
posed for  a  time  to  the  flame  of  blazing  oil,  are  phsenomena 
which  do  not  merit  any  particular  examination,  and  which 
certainly  present  nothing  different  from  the  others.  The 
force  of  habit,  the  callousness  which  the  skin  after  a  time 
acquires  by  the  continued  exercise  of  such  experiments,  and 
the  preceding  preparations  of  the  exterior  surface  of  the  body, 
are  reasons  suificient  to  explain  easily  all  the  phsenomena  of 
this  kind.  But,  How  is  it  possible  tliat  the  transparent  and 
opaque  cornea  of  the  eyes  and  the  organs  of  respiration  are 
not  atfected  by  the  powerful  action  of  acid  vapours  ?  It 
would  be  madness  to  believe  that  he  held  or  could  hold  his 
eyes  open  when  his  face  was  exposed  to  the  contact  of  such 
vapours;  and  if  he  respired  at  the  same  time  he  must  inevi- 
tably become  a  victim  of  such  temerity. 

In  the  experiment  with  a  piece  of  iron  almost  red-hot  be- 
tween his  teeth,  and  which  he  held  there  for  a  short  time, 
it  was  sufficient  to  observe  at  that  moment  the  visage  of  the 
experimenter,  to  see  the  impression  ot"  uneasiness  and  even 
acute  pain  delineated.  In  this  experiment  without  doubt, 
more  than  in  any  other,  he  suflered  ;  and  hence  the  cause 
why  Scuur  Lionetto  seldom  repeated  it.  His  teeth  indeed 
are  blackened  and  spoiled  to  the  last  degree. 

It 
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It  will  not  now'  be  iiriproper  to  show  practically  what 
method  should  be  adopted  by  any  person  wishing  to  become 
in  ihis  sense  incombustible.  First  of  all,  it  is  necessary  to 
be  convinced  from  the  beginning,  that  by  frequent  frictions 
and  practice  on  the  skin,  any  one  may  become  as  able  as 
Senor  Lionetto  is  at  present  to  bear  the  action  of  fire,  and 
as  he  was  the  first  time  he  attempted  similar  experiments. 
In  the  second  place  it  is  necessary,  that  uhoever  undertakes 
to  practise  such  operations  on  his  skin,  should  be  informed 
that  he  will  not  attain  a  certain  perfection  without  at  the 
same  time  changing  his  nature,  by  becoming  hardier  and 
consequently  less  sensible. 

I  would  here  premise,  that  whoever  desires  to  make  simi- 
lar experiments,  should  connnence  by  rubbing  themselves 
with  dilute  sulphurous  acid,  or  with  the  saturated  solution 
of  alum,  agitated  or  boiled  as  above.  The  more  numerous, 
the  frictions  the  more  insensible  the  skin  will  become,  and 
also  the  more  proper  to  sustain  the  action  of  fire ;  and,  as  I 
have  before  observed,  the  alum  made  to  boil  or  ferment  into 
a  spongy  form  acquires  a  greater  force,  and  is  therefore 
preferable  to  the  simple  solution  of  alum.  With  this  usage 
alone,  after  rubbing  very  often  the  part  over  which  it  is  de- 
signed to  pass  the  red-hot  iron,  it  will  become  capable  of 
bearing  its  action.  But  to  attain  this  object  by  these  means 
a  certain  space  of  time  is  necessary.  If  any  one  wishes  to 
become  capable  of  sustaining  the  action  of  fire,  he  must  rub 
very  often  with  one  or  other  of  the  above  liquids,  and  also 
with  a  piece  of  hard  soap  slightly  moistened,  on  the  same 
part,  in  order  that  it  may  acquire  a  slight  incrustation.  The 
kind  of  plaster,  of  which  I  have  before  spoken,  formed  by 
the  trituration  of  soap  in  a  mortar  with  a  solution  of  alum, 
will  be  the  most  proper  means  of  rendering  the  part  anoints 
ed  insensible  to  the  action  of  fire :  a  plate  of  red-hot  iron 
may  then  be  passed  over  it  without  occasioning  any  disagree- 
able sensation.  This  mode,  although  suflScient  for  the  ob- 
ject desired,  is  easier  discovered  by  others  than  that  of  touch- 
ing the  part  rubbed  with  soap. 

With  regard  to  the  tongue;  in  order  that  it  may  be  capa- 
ble of  beqiring  the  passage  of  a  perfectly  red-hot  iron,  it  is 
D  4  sufficient 
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sufficient  to  Ivutie  it  first  with  the  above  soiulion  of  alum, 
and  afrerw  aids  covcrmg  it  uith  a  thin  stratum  of  suoar  in 
fiiu-  p(j\vdcr,  and  also  rubbing  it  often  with  a  piece  of  hard 
snip.  If  the  tongue,  after  being  bathed  in  the  sohition  of 
akiiTi,  is  rubbed  with  a  piece  of  lump  sugar,  it  will  have  the 
same  effect  zi  if  covered  with  the  powder  of  the  same  sugar. 
If  this  preparation  is  performed  with  care,  a  piece  of  red-hot 
iron  may  be  often  drawn  successively  across  the  tongue 
without  experiencing  the  least  sensation  of  heat.  The  tongue 
prepared  in  this  manner  will  be  very  able  to  sustain  the  ac- 
tion of  a  little  very  hot  oil,  or  a  little  melted  lend,  if  the 
operator  has  the  dexterity  to  make  it  fall  precisely  on  the 
part  prepared. 

Here  then  the  mystery  of  the  pretended  incombustibility 
i«  unfolded,  and  also  the  means  by  which  any  one  may  at 
pleasure  beef)me  incombustible,  if  the  state  of  preparation 
which  I  have  described,  and  with  which  one  can  suffer  only 
for  a  certain  time  the  action  of  fire,  merits  the  epithet. 
Hence  every  one  may  easily  know,  that  by  chemical  means 
oulv  we  could  not  explain  with  sufficient  facility  the  afore- 
said phaenomena,  if  it  were  wished  to  exclude  the  insensi- 
bility which  the  nerves  of  the  skin  in  such  experiments  must 
necessarily  accjuire,  especially  by  the  known  means  fit  to 
repel  the  force  of  the  caloric  after  their  first  application. 
Were  they  employed  at  the  time  of  the  experiment,  they 
would  be  so  easily  recognised  as  to  destroy  the  necessary  il- 
lusion. 

In  this  first  essay  I  did  not  wish  to  enter  at  greater  length 
into  a  chcmico- physiological  examination  which  such  an 
interesting  phaenomenon  indeed  merits,  designing  rather  to 
notice  facts.  In  a  second  essay,  however,  1  can  with  greater 
advantage  occupy  myself  with  the  chemical  philosophy,  as 
well  as  that  which  belongs  to  animal  life,  more  diftusely  ; 
and  with  greater  precision  (reat  of  this  subject,  which  has 
deservedly  excited  universal  altenlion. 


\\\.  Ann- 
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Vrr.  Analijs'is  of  the  lalehj  d'ncovered  Mineral  JVulers  at 
Chelleuham  ;  and  also  of  other  J^ledicinnl  Springs  in  its 
Neig.'it'ourhood.  By  Fuhderick  Accum,  M.  R..  I.  A. 
Operative  Chejnist,  Lecturer  mi  Practical  Ckenilstrij  and 
on  Mineralogy  and  Pharmacy,  Q^c. 

[ConG'udcd  from  vol.  xxxi.  p.  '-'1:5.] 

ANALVSIS  OF  THE  CHALYBF.ATK  SPRING  CALLED 
MR,  I^ARREL's  well, 

JL  HE  spring  known  by  this  name  is  situated  in  a  meadow, 
about  three  or  four  hundred  yards  from  the  upper  extremity 
of  the  town  of"  Cheltenham.  And  althouiih  it  had  lono-been 
resorted  to  by  the  country  people,  as  an  effieaeious  remedy 
against  various  complaints,  it  was  not  otherwise  noticed, 
except  by  Dr.  Fothergill  in  his  Treatise  on  the  Chehenhani 
Waters,  in  the  year  17S8.  Tliis  spring  has  lately  been 
opened  by  the  proprietor,  a  pump-room  has  been  erected, 
with  other  conveniencies  to  render  it  worthy  of  tb.c  notice 
M  hich  it  deserves.  Tlie  produce  of  water  which  this  well 
afibrds  is  upwards  of  100  gallons  in  an  hour,  a  much  laroer 
quantity  than  will  probably  be  ever  consumed  by  the  drink- 
ers who  visit  it. 

The  first  portion  of  water  \Ahieh  the  spring  yields  in  the 
morning,  or  after  having  been  left  undisturbed  for  some 
time,  contains  a  considerable  quantity  of  brown  ferruginous 
filaments.  This  portion  being  rejected,  the  rest  of  the  water 
which  is  pumped  is  as  clear  as  crystal.  It  produces  a  kind  of 
greasy  feel  on  glasses  which  are  continually  wetted  with  it,  and 
soon  deposits  on  them  a  strong  coat  of  brown  oxide  of  iron. 
Over  the  surface  of  this  spring,  which  is  enclosed  in  a  small 
building  constructed  of  brick,  and  surrounded  with  a  beau- 
tiful plantation  of  trees,  a  dense  atniosphere  of  carbonic  acid 
gas  is  manifest.  The  sides  of  the  reservoir  of  the  spring  are 
lined  with  a  thick  cream-like  substance,  wholly  composed 
of  carbonate  of  iron,  and  a  considerable  stratum  of  the  same 
substance  is  deposited  at  the  bottom  of  the  well. 

These  facts  alone  are  sufficient  indications  of  the  intrinsic 
value  of  this  fountain  of  health.     Without  stating  the  indi- 
vidual 
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vicinal  chemical  operations  which  were  undertaken  to  learn 
the  constitution  of  this  spring,  we  shall  merely  state  its  con- 
stitution, which  is  as  follows  : 


CviUciils 

:  in  one  Gallon. 

1„  o<!c  Pint. 

Grains. 

Grains. 

Carbonate  of  iron 

- 

4-5 

0-3625 

Carbonate  of  lime 

- 

7" 

0-S75 

Muriate  of  soda 

- 

8-73 

1-09375 

Muriate  of  magnesia 

- 

1-25 

0-15625 

Muriate  of  lime 

- 

2- 

0-25 

Sulphate  of  lime 

5-3 

O-0875 

-2d' 

3-G25 

Cu 

ibic  ii)chc'5. 

Cubic  inches. 

Carbonic  acid  gas 

- 

\2-lb 

1  •51)373 

Atmospheric  air 

5' 

0-625 

\l-Vo 

2-21875 

,-„ 

ANALYSIS  OF  THK  CIIALYBEATJi  SPRING  NAMLD 

COL.  reddle's  well. 
This  spring  greatly  resembles  the  well  just  described.     It 
is  situated  in  the  beautiful  spot  of  Cheltenham,  called  Cam- 
bray.     Its  analysis  yielded  the  following  results : 

Contents  in  nnr  Gallon.         In  one  Pint. 


Grains. 

Gr;iin5. 

Carbonate  of  iron 

3-7 

0-4625 

Carbonate  of  lime 

Cr'j 

0-8125 

Muriate  of  soda 

5- 

0-625 

Muriate  of  lime 

3-5 

.0-4375 

Sulphate  of  lime 

3- 

0-375 

21-7 

2-7125 

Cubi.:  inches. 

Cubic  inches. 

Carbonic  acid  j^as 

11-3 

1-43  75 

Atmospheric  air 

4- 

0-3 

13-3 

1-9373 

From 
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From  what  has  been  so  far  stated,  it  is  evident  that  Na- 
ture has  been  particularly  bountiful  in  bestowing  mineral 
springs  upon  the  town  of  Cheltenham.  The  valley  of  Glou- 
cester indeed  is  remarkable  for  the  number  of  mineral  waters 
with  which  it  abounds. 


ANALYSIS  OF  THE  MINERAL  SPRING  AT  ALSTON. 

At  Alston  villa,  in  the  neighbourhood  of  Cheltenham,  a 
mineral  spring  was  discovered  a  few  years  ago  on  the  estate 
of  Mr.  Sealy,  in  digging  for  water.  This  well  is  remarkable 
for  the  large  quantity  of  saline  matters  which  it  contained 
when  our  analysis  was  made*,  and  which  surpasses  that  of 
any  other  spring  in  the  vicinity  of  Cheltenham.  Its  compo- 
nent parts  are  as  follow  : 


Contents  in  one  Gallon. 

111  one  Pint- 

Grains. 

Grains. 

Muriate  of  soda 

-     267-5 

33-4375 

Sulphate  of  magnesia        87* 

10-875 

Sulphate  of  soda 

104-75 

l3-oy375 

Muriate  of  lime         -         2S* 

3-5 

Carbonate  of  iron 

-      3-1 

0-3875 

Sulphate  of  lime 

-       97- 

12'125 

587-35 

73-41875 

Cubic  inches. 

Cubic  inches. 

Carbonic  acid  gas 

-     H 

0-4375 

Atmospheric  air    - 

-     4 

0-5 

7-5 

0-9375 

_ 

ANALYSIS  OF  THE  MINERAL  SPRING  AT  ARLE. 

At  Arle,  one  mile  from  Cheltenham,  on  the  south  side 
of  a  public  road,  is  a  spring  which  rises  in  a  swamp.     It 

•  The  constitution  of  this  water  differs  according  as  the  water  is  suffered 
to  remain  a  longer  time,  or  not,  in  the  well,  and  also  accordingly  as  it  » 
taken  from  near  the  surface,  or  from  near  the  bottom  of  the  well.  The  well 
is  60  feet  deep,  and  held  45  feet  of  water ;  it  is  six  feet  in  diameter. 

was 
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was  first  noticed  by  Dr.  Short,  in  the  year  1740,     Its  com- 
position  is  the  following : 


( 

Cunleiits  in  one  Gallon. 

In  onr  Piiil. 

Grains. 

Grains. 

Sulphate  of  soda 

- 

2- 

0-25 

Carbonate  of  lime 

- 

3* 

0-375 

Carbonate  of  iron 

- 

1-^5 

0-15625 

w^ulphate  of  lime 

- 

4-3333 

0-54  106 

Muriate  of  soda 

7-125 

0-89062 

17-7083 

2-21353 

Cubic  inches. 

Cul)ic  iiicliei. 

Carbonic  acid  gas 

- 

4- 

0-5 

Common  air 

5'5 

0-6875 

9-5 

1-1875 

ANALYSIS  OF  THE  MINERAL  SI'RING  AT  WALTON. 

At  the  village  of  Walton,  nearly  seven  miles  distant  from 
Cheltenham,  and  one  from  Tewkesbury,  there  is  a  mineral 
water  first  described  by  Dr.  Johnston  of  Worcester,  in  the 
year  1787.  It  is  composed  of 

Pint. 


Co, 

■itents  in  one 

Gallon. 

In  o,<e  P. 

Grains. 

Grains, 

Sulphate  of  soda 

15- 

1-875 

Carbonate  of  lime 

3- 

0-375 

Muriate  of  lime 

4- 

0-5 

Sulphate  of  lime 

13- 

1-G25 

35-  4-375 


Cubic  inches. 

Cubic  inches. 

Atmospheric  air    - 

2-5 

0-3125 

Carbonic  acid  gas 

7-75 

0-96875 

10-25  1-2S125 
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ANALYSIS  OF  THH  iMIXERAL  SPIUNG  AT  NANTON. 

At  Niinton,  about  nine  miles  from  Chcllenham,  and  half 
a  mile  from  Todington,  on  the  Tewkesbury  road,  is  situated 
a  spring  which  has  been  long  known,  and  attempts  have 
been  made  to  obtain  from  it  by  evaporation  its  solid  saline 
contents;  which  attempt  proved  successful,  but  the  brown 
tinge  which  the  saline  matter  is  said  to  have  exhibited,  ren- 
dered the  sale  of  it  abortive.     Tliis  water  is  composed  of 

Contents  in  one  Gallon.       In  one  Pint. 


Grains. 

Grains. 

Sulphate  of  magnesia 

87-75 

10-96873 

Sulphate  of  soda 

9- 

1-125 

Muriate  of  lime 

3-25 

0-40625 

Muriate  of  magnesia 

2- 

G-25 

Carbonate  of  iron 

0-5 

0-625 

Sulphate  of  lime 

14- 

1-75 

llfi-50 

14-5625 

Cubic  inclies. 

Cubic  inches. 

Carbonic  acid  gas 

5-75 

0-71875 

Common  air 

4-J) 

Oo625 

10' 2.5 

1-28125 

ANALYSIS  OF  THE   MINERAL  SPRING  AT  PRESBURY. 

This  mineral  water  is  known  under  the  name  oi  the  Hijde 
Spring.  It  was  first  noticed  by  Dr.  Linden,  in  the  year 
1750,  and  recommended  by  him  as  equal  in  efficacy  to  that 
of  the  Cheltenham  Spa.  It  has  not  acquired  much  reputa- 
tion as  a  medicinal  water,  but  large  quantities  of  medicinal 
salt  have  been  obtained  from  it  in  the  usual  manner,  durino- 

o 

a  series  of  years.  The  water  is  now  onlv  used  for  the  most 
rude  purposes  of  rural  osconomy.  Its  composition  is  as 
follows  : 

Sulphate 
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Coulents  in  one  Gallon. 

In  one  Pint. 

Grains. 

Grains. 

Sulphate  of  soda         -         92- 

11-5 

Muriate  of  soda         -          17- 

2-125 

Sulphate  of  magnesia           14- 

1-75 

Carbonate  of  iron       -           0-5 

0-0625 

Sulphate  of  lime         -           9* 

1-12.5 

132-5 

10-5625 

Cubic  inches.  Cubic  inches. 

Carbonic  acid  gas        -         9-75  1-21875 

Common  air  -  4-  0*5 


13-75  1-71875 


VIII.   0?i  the  Nature  of  the  Earths. 
To  Mr.  Tilloch. 

SIR, 

J.  o  place  every  man's  merits  In  a  conspicuous  point  of 
view,  and  to  hold  modest  worth  up  to  the  admiration  it  de- 
serves, is  laudable;  and  if  the  motive  for  such  conduct  be 
indeed  uninfluenced  by  other  considerations,  it  must  chal- 
lenge universal  applause.  I  am  led  to  this  remark  by  a  paper 
in  the  last  Number  of  your  Magazine,  signed  O.,  on  the 
Nature  of  the  Earths.  Its  author  sets  out  with  stating,  that 
<«  the  result  of  the  late  experiments  by  Messrs.  Davy,  Ber- 
zelius,  and  Pontin,  has  only  confirmed  the  idea  entertained 
by  Lavoisier  and  others,  with  regard  to  the  nature  of  earths, 
alkalis,  Stc." 

That  barytes  and  stronlitcs  were  long  since  suspected  to 
be  of  a  metallic  nature,  from  their  high  specific  gravities, 
is  well  known,  and  the  similarity  of  the  properties  of  the 
earths  and  met.^llic  oxides  did  not  escape  the  observation  of 
the  old  chemists.  I  have  not  the  experiments  of  Messrs. 
Toudi  and  Ruprecht  to  refer  to  at  this  moment,  but  if  my 
memory  does  nut  deceive  me,  they  were  very  far  from  effect- 
ing 
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Ing  the  decomposition  of  either  barytes,  maguesia,  or  lime; 
nor  can  I  igrcc  with  your  correspondent  O.,  that  the  ob- 
jections of  Kla-roth  and  Tihawski,  to  the  accuracy  of  the 
result?  of  Toudi  and  Ruprecht's  experiments,  do  not  affect 
the  purpose  for  which  he  has  introduced  them.  These  rc- 
suUs,  Mr.O.  tells  us,  were  noticed  by  Mr.  Robert  Kerr,  iu 
the  second  English  edition  of  Lavoisier's  Elements  of  Che- 
mistry, accompanied  with  some  original  remarks,  which 
O.- copies.  I  am  as  much  inclined  to  allow  Mr.  Kerr  all  the 
merit  he  deserves,  as  his  friend  Mr.  O.  can  be,  and  am 
ready  to  acknowledge  that  his  remarks  are  striking,  parti- 
cularly the  following,  mentioned  in  the  note,  that  "  from 
analogy  we  may  presume  potash  to  be  a  metallic  substance 
in  some  hitherto  unknown  state  of  combination."  But,  sir, 
this  conclusion  was  drawn  from  incorrect  data,  viz.  from 
some  experiments  published  in  the  Transactions  of  the  Turin. 
Academy,  (from  which  O.  says  Mr.  Kerr's  opinions  re- 
ceived corroboration  !)  which  gave  reason  for  supposing 
soda  to  be  a  modification  of  magnesia.  Now  we  know 
that  soda  is  not  a  modification  of  magnesia,  neither  had 
magnesia,  at  that  time,  been  proved  to  be  a  metallic  oxide, 
for  Toudi  and  Ruprecht's  experiments  were  far  from  satis- 
factory. I  cannot  therefore  allow  Mr.  Kerr  any  other  merit 
on  this  head,  than  that  of  having  made  a  very  fortunate 
guess  at  this  philosophical  enigma;  for  the  mere  suppositioa 
of  a  fact,  and  the  proof,  are  very  different  things.  Ages 
ago  the  alchemists  supposed  gold  to  he  a  compound  body, 
and  all  the  world  knows  how  earnestly  and  how  fruitlessly 
they  laboured  to  prove  it  so.  Fire  may  be  a  compound, 
and  there  is  just  reason  to  think  it  is  ;  but  what  is  all  tliis 
but  conjecture? — a  field  of  all  others  the  easiest  to  indulge 
in ;  and  if  men  are  continually  guessing,  it  would  be  indeed 
extraordinary  if  they  did  not  sometimes  approach  the  truth. 
But,  indeed  O.,  a  few  lines  further,  seems  to  be  perfectly 
of  my  opinion,  allowing  at  the  time  Mr.  Kerr  made  his 
conjectures  they  might  l^ave  aj)peared  chimerical  ;  tb.at  is, 
allowing  they  were  neither  more  nor  less  than  so  manv 
guesses.  But,  I  repeat,  I  am  far  from  wishing  to  deprive 
Mr.  Kerr  of  any   well-earned   praises,   (and  b.is  Translation 

oi 
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of  the  Eltmens  de  C/iimie  proves  his  ink  to  a  large  share,) 
nor  sh'ouid  I  have  taken  this  pubhc  notice  of  O.'s  paper,  hut 
for  thf  very  extraordinary,  and   I   must  acWJ  illiberal  and 
u7/just    epithets,   which  he  has  thought  fit  to  apply  to  the 
objections  made  by  "  an  English,  professor  of  high  respcc- 
tahillty "   (Mr.  Davy)    to   the   conclusions  drawn    by   M. 
Braconnot    irom    his    experiments   on    the    **  nutrition    of 
vegetables."     M.  Braconnot's  experiments   were  certainly 
conducted  with  great  ingenuity  and  apparent  accuracy,  and, 
supposing  the  facts  to  be   jirecisely  as   he  imagines,    would 
lead  to  the  extraordinary  conclusion,  that   plants  derive   no 
nourishment  from  any  source  but  water  and  light,  and  con- 
sequently that    all  manure  is  useless,  except  to  enable  the 
soil  to  retain  the  necessary  quantity  of  ntoisture.     But  al- 
though it  is  probable  that  charcoal  does  contain  hydrogen, 
It  is  bv  no  means  proved,  nor  is  the  fact  at  all  likely,  that 
charcoal  is   nothing  else  hit  hydrogen,  in  a  certain  modified 
form,  as  M.  Braconnot  seems   to  think  may  be  the  case: 
and  it  is  proved  by  Mr.  Davy,  and   most  satisfactorily   so, 
{vide   his   Bakerian    Lecture,     Philosophical    Tranjaciions, 
1807,  part   i.)     that  even   distilled  water  con)monly   con- 
tains both  saline  and  metallic   impregnations,  which  would 
afford  much,  probably    ample,  fo(jd  to   the   seeds   sown  by 
M.  Braconno\  in  his  experiments.  The  sand  also,  Mr.  Davy 
observes,  may  contain  carbon  and  various  infiammable  mat- 
ters, which  the  process  of  washing  in    weak  muriatic  acid 
could  not  deprive  it  of:  and  it  is  p?rfcctly  true,  (though  per- 
liaps  O.  may  not   be   aware   of  it^)   that  a  stone  containing 
carbonate  of  lime,  in  very  small  proportion  to  the  other  in- 
gredients, is  very  slightly  acted  on  by  acid.     Yet  these  O. 
calls  "  captious  aud  jejune"  objections  1   I  cannot  but  testify 
nw  surprise,  that  expressions  so  unwarrantable  should  have 
found  ;;.dmission  into  your  respectable  Magazine;  and  I  am 
convinced  they  must   have  escaped  your  notice.     It  is  ever 
ihe  fate   of  transcendent   powers  to  excite   the  jealousy  of 
little  n)inds ;  and  1  am  sorry  to  say,  this  is  not  the  onlv  in- 
stance in  uhich  the  author  of  the  glorious  discovery  of  the  ' 
true  nature  of  the  alkalis  has  experienced  a  shameful   want 
of  candour  from  self-constituted  judges,  whose  abilities  are 

inadequate 
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inadequate  to  the  task  they  have  allotted  themselves,  and 
whose  illiberal  spirit  would  draw  a  veil  over  that  merit,  the 
lustre  oF  which  is  painful  to  the  blinking  eyes  of  envy  and 
detraction.  I  say,  Mr.  Davy's  discoveries  are  glorious — for 
they  were  not  the  result  of  a  parcel  oi'  guesses  ;  but  (as  most 
justly  observed  by  Trikunus,  in  the  Times  of  the  5th  of  this 
month  *,)  of  a  fine  train  of  reasoning,  from  data  of  his. 
oiv?i.  And  I  am  at  a  loss  which  to  admire  most,  the  pene- 
tration 

*  Tribonus,  in  the  article  alluded  to  by  Piulalethes  Jun.,  expresses 
himself  thus; — "  The  (Edinburgh)  reviewers  begin  with  pouring  forth  their 
admiration  of  the  late  discoveries  which  liave  been  made  by  the  a^^ency  of 
Galvanism;  and  it  might  have  »»':cn  expected  that  joy  should  have  produced 
■some  feelings  of  complacency  towards  the  author.  But  no;— having  men- 
fioned  the  name  of  Newton,  they  were  seized  with  a  superstitious  horror, 
lest  they  should  have  been  supposed  to  compare  the  living  with  the  dead.  In 
their  r,eal  to  expiate  this  imaginary  oflence,  they  treat  the  author  of  the 
Bakerian  Lecture  with  a  levity  bordering  on  insolent  contempt :  they  attri- 
bute his  successes  to  chance,  forgettuig  that  the  data  on  which  the  late  brittiant 
tixpcrimenlsicere  founded  were  supplied  by  hii  own. previous  discoveries,  I'he  name 
of  Newton  (and  be  it  ever  venerated  with  piety,  but  without  superstition,) 
still  inspires  some  secret,  mysterious  feeling  of  fear :  fear  leads  to  injustice, 
injustice  to  inconfistency  :  thus,  though  they  smile  at  the  Royal  luititution  in 
one  sentence,  they  exalt  it  in  another  ;  and  without  allowing  th.c  author  any 
other  merit  than  his  dexterous  manipulations,  they  attribute  to  its  maguincent 
;ipuaratusall  the  honour  of  his  discovery.  Finally,  with  an  awkward  con- 
sciousness, they  declare,  that  '  they  throw  out  these  things  from  no  invidious 
motive,  but  merely  from  a  desire  to  reduce  tilings  to  their  proper  level,  and 
just  proportions ;  and  to  qualify  a  little  of  that  excessive  admiration  wluch  has 
lately  been  excited  by  Mr.  Davy's  discoveries,  not  unnalurailij,  but  very  ex- 
travagantly, and,  as  usually  happens  in  such  cases,  to  the  great  detriment  of 
sober  inquiry.'  That  they  were  actuated  by  no  invidious  motive,  I  am  will- 
ing to  believe ;  candour  scorns  to  attribute  an  intention  to  commit  injury, 
where  no  such  power  is  found  to  exist.  The  authority  of  criticism  extends 
«)nly  to  those  subjects  of  which  opinion  is  the  arbitress  :  a  mere  hypothesis  is 
open  to  its  inquisition,  but  facts  are  not  aherable  by  human  reasoning:  the 
experimental  philosopher  is  equally  independent  of  popular  suffrage  or  lite- 
rary censure:  in  his  works  he  shall  be  essayed  by  time — he  shall  become  the 
fellow. labourer  of  posterity  :  his  fame  is  formed  of  other  elements  than  the 
smiles  or  frowns  of  cotemporaries  :  he  may  receive  titles  of  distinction  from 
men,  but  his  real  dignity  can  alone  be  derived  from  truth.  Having  exone- 
rated the  Edinburgh  reviewers  from  all  invidious  motives,  I  confess  I  am  at 
a  loss  to  find  any  rational  explanation  of  their  conduct :  it  has  probably  bieen 
dictated  by  soliLituJe  to  prevent  the  excessive  admiration  inspired  by  Mr.  ' 
Davy  from  exciting  visionary  speculations  in  science  ;  it  is  even  possible  that 
it  originated  in  an  apprehension  that  his  transcendent  success  miglit  damp 
Vol.32.  No.  125.  Qct.\m&.  £  th» 
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Iralion  of  his  genius,  or  his   perseverance   and  accuracy  in 

prosecuting  his  researches. 

As  you  have  pubhshed  O.'s  remarks,  I  trust  to  your  jus- 
tice to  nisert  these  in  your  Magazine  also  ;  and  I  have  the 
honour  to  reu)ain.  Sir,  your  obedtent  servant, 

Philalethes  Jun, 

Chichester, 
O;tober  IC,    1808. 


IX.  Description  of  a  Machine  for  beating  out  Hemp-seeds 
and  Flax-seeds ;  invented  lij  Mr.  Ezekiel  Cleall,  of 
I  Vest  Coker,  Somersetshire* . 

J      SIR, 

J.  MADE  a  model  ot"  a  machine  for  thrashing  out  hemp-seed 
and  flax-seed,  in  the  year  1S03;  and  in  the  year  1805  I 
had  a  real  machine  made  after  the  plan  of  the  model,  bv 
Mr.  John  Wadnian,  carpenter  and  hemp- merchant.  The 
said  machine  has  been  since  tried  and  approved  by  many 
hemp-  and  flax-merchants. 

I  now  send  the  model  for  the  inspection  of  the  Society, 
and  leave  the  event  thereof  to  their  decision.  It  docs  not 
injure  the  stalk  of  the  hemp  so  much  as  the  common  mode 
of  thrashing  out  the  seed,  and  consequently  leaves  it  much 
better  for  scaling.  I  am,  sir,  your  humble  servant, 

Ezekiel  Cleall. 

West  Coker,  near  Yeovil,  Somerset, 
March  2'2,  ISOC. 

We  whose  names  are  hereunto  subscribed,  do  certifv, 
that  we  well  know  Mr.  Ezekiel  Cleall,  of  West  Coker;  that 
we  have  many  times  seen  his  machine  at  work,  in  thrashing 
out  hemp-seed  and  flax-seed,  and   think  it  likely  to  be  of 

the  p.rdour  of  other  erperinientists,  and  instead  of  provokin'^/emulatioii  in- 
duce despondence.  I  cannot  but  lament  that  any  motives  of  patrioiisni  or 
prudence,  however  amiable  or  respectable,  should  Jiave  led  them  to  insert  a 
passage  so  susceptible  of  misinterpretation,  and  bo  obvious  to  cenmre."  Edit. 
*  From  TiaitsacLiuiis  of  llu  Society  for  the  Enourfrf^etnenl  ofylih,  Maivifuc- 

tiircs,  nml  Commcrrr,  for  1807. The  sum  of  20guine.-is  was  voted  by  the 

Society  to  Mr.  Clfall  for  this  communication,  and  a  modrl  is  placed  in  the 
S,,r-l,.rv''i  ri'nL--.i:orv  for  tl'.c  iiispec'.ion  of  the  public. 

great 
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great  public  utility  ;  inasmuch  as  two  women,  whose  wages 
and  allowance  never  exceed  one  half  of  what  are  allowed  to 
two  men,  will  do  as  much  work  in  any  given  time  as  such 
two  men. 

That  the  seeds  thrashed  by  this  machine  are  not  so  much 
bruised  or  injured  as  by  the  old  or  common  way,  and  the 
hemp  and  flax  are  preserved  from  many  injuries  which  they 
suffer  from  the  old  method. 

In  witness  whereof,  we  have  hereunto  added  our  signa- 
tures. John  Wadman. 

James  WaDxMan. 

John  Baker. 

John  Pinney. 

West  Coker,  Feb.  1807.  JohN  ChAFFEY. 

To  C.  Taylor,  M.D.  Sec. 

SIR, 

The  machine,  of  which  a  model  was  sent  to  the  Society 
some  months  ago,  must  be  used  with  eight  flails,  two  on 
each  arm,  for  beating  out  hemp-seed. 

When  required  to  be  used  for  beating  out  flax-seed,  the 
above  eight  flails  must  be  taken  out,  and  four  beaters  put 
in  their  place. 

The  height  of  the  machine  from  the  floor  to  the  top  of 
the  board  on  which  the  flax  or  hemp  is  laid,  is  two  feet ;  ;he 
breadth,  two  feet  ten  inches ;  the  length  of  the  board,  four 
feet  four  inches  ;  the  length  of  each  of  the  arms,  from  the 
axis  of  the  machine,  is  three  feet  two  inches  ;  the  flails  for 
the  hemp-seed,  two  feet  two  inches  long ;  the  heights  of 
the  uprights,  seven  feet  two  inches  ;  the  beaters  for  the  flax- 
seeds are  each  one  foot  three  inches  long,  and  seven  inches 
broad. 

The  machine  will  thrash,  in  one  day,  as  much  hemp  as 
grows  on  an  acre  of  land,  and  other  crops  in  proportion  ; 
and  the  work  is  done  with  less  than  half  the  expense  of 
thrashing  in  the  usual  way. 

I  am,  sir,  your  obedient  servant, 

EZEKIEL  ClEALL. 

West  Coker,  Aug.  13,  1807. 

To  C.  Taylor,  M.D.  Sec. 

E  2  Reference 
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Reference  to  the  Engraving  of  Mr,  ClealVs  Machine  for  leat' 
ing  out  Hemp-seeds  and  Flax-seeds,    Plate  I.  Fig.  \,  2. 

Fig.  I.  Represents  the  machine  for  beating  out  hemp- 
seeds,  in  which  A  is  the  table  or  board  on  which  the  hemp 
is  to  be  placed  ;  B  the  axis  in  which  the  four  arms,  CCCC, 
are  fixed;  DDDD,  eight  single  flails,  moving  upon  four 
pins  near  the  extremities  of  the  four  arms  ;  these  flails  di- 
verge from  the  pins  on  which  they  move,  so  that  two  of 
them  united  on  each  arm  are  nearly  in  the  form  of  the  let- 
ter V.  E  is  the  winch  or  handle  by  which  the  machine  is 
put  in  motion  3  FF,  two  upright  pieces  of  wood  to  sustain 
the  axle  of  the  machine;  G,  an  upper  cross-piece,  to  secure 
the  uprights  firm  ;  H  H,  the  two  bottom  pieces  or  sills,  in 
which  the  two  uprights  are  mortised,  also  the  two  smaller 
uprights  which  support  the  board  or  table  A  ;  I  I,  two  lower 
cross-pieces  to  secure  the  machine  firmly  ;  K  K,  two  levers 
on  which  the  table  A  rests,  and  by  which  it  may  be  raised 
or  lowered  as  thought  necessary  by  iron  pins,  at  K  K,  pass- 
ing through  these  levers  and  the  two  uprights. 

When  the  machine  is  used,  the  hemp  must  be  laid  on 
the  table  A,  and  moved  about  in  difTerent  directions  by  the 
person  who  holds  it,  whilst  another  person  turns  the  ma- 
chine by  the  handle  E;  the  flails  D  of  the  machine  fall  in 
succession  on  the  hemp  ;  as  the  axis  moves  round  they  beat 
out  the  seeds  as  different  surfaces  of  the  hemp  are  exposed 
on  the  table ;  and  when  the  seeds  are  all  beaten  out  from 
une  parcel  of  hemp,  a  fresh  quantity  is  applied  upon  the 
table. 

Fig.  2.  Represents  one  of  the  flax-beaters,  wiiich  is  made 
*of  a  solid  piece  of  wood,  one  of  which  is  attacijcd  instead 
of  the  two  flails,  to  every  arm,  when  the  machine  is  em- 
ployed for  beating  out  flax-seeds,  as  they  requit;e  more  force 
to  separate  them  from  the  flax  plant. 
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X.  Description  of  a  Machine  for  breaking  Hemp,  with  Ob- 
servations on  the  Culture  of  Hemp  in  Canada.  By  Wil- 
liam Bond,  Esq.,  of  Canada*. 

1  HE  culture  of  hemp  in  Upper  Canada  is  no  doubt  one  of 
the  most  desirable  objects  with  every  person  of  discernment 
settled  there,  and  more  particularly  so  with  those  of  this 
description  in  our  mother  country;  and  though  there  are  so 
many  millions  of  acres  so  wqII  calculated  to  the  growth  of 
this  highly  valuable  article,  yet  I  do  not  expect  much  pro- 
gress therein  for  some  time,  for  the  following  reasons  : 

The  part  of  the  country  the  best  calculated  for  the  growth 
of  hemp  is  so  lately  and  in  so  small  a  degree  occupied,  that 
i'ew  have  begun  to  use  the  plough,  but  depend  upon  raising 
a  sufficiency  of  grain  by  harrowing  only ;  in  this  they  are 
not  disappointed  for  two  or  three  crops; — in  the  mean  time 
they  clear  away  fresh  fields  from  the  woods,  many  of  them 
to  a  large  extent,  which  take  up  so  much  time  in  fencing 
and  dressing,  that  few  of  the  farmers  have  been  able  to  raise 
more  than  needful  for  their  own  families'  consumption,  and 
for  the  use  of  their  neighbours  ;  indeed  they  are  ignorant  as 
to  the  growth  and  management  of  hemp,  and  in  general  so 
poor,  that  they  cannot  afford  to  raise  any  thing  for  sale  that 
will  not  bring  them  ready  money  as  soon  as  brought  to 
market;  and  grain  brings  such  a  high  price  in  cash,  that' 
few  farmers  are  inclined  to  turn  their  attention  to  any  other 
article.  Another  obstacle  is,  there  being  no  person  or  per- 
sons appointed  to  buy  small  quantities  of  hemp,  and  pay 
ready  money  for  the  same. 

The  tract  of  rich  hemp  land  in  Upper  Canada  is  that  part 
west  of  Yonge  Street  f,  and  north  of  Dundas  Street  X,  and 
partly  enclosed  by  Lakes  Ontario,  St.   Clair,    Huron   and 

*  From  Trausactiojut  nf  the  Society  for  the  Encouragement  iif  Arts,  Manufac- 
tures, and  Commerce,  for  1807. For  this  communication  and  the  article 

that  immediately  follows  it,  the  Society  voted  their  silver  medal  to  Mr.  Bond. 
A  model  of  the  machine  is  preserved  in  the  Society's  repository. 

f  A  street  leading  from  York,  the  seat  of  government,  to  the  navigable 
waters  of  Lake  Siincoe. 

\  Lc:\ding  to  the  P.iver  Thames. 

E  3  Simcoe. 
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S.mcoe,  and  to  the  cast  and  north-east  almost  as  far  as 
Grand  or  Ottaway  River,  and  to  within  a  Few  miles  ot  the 
south  and  south-east  side  of  Lake  Hiiro  i.  I  have  not  failed 
to  make  annually  from  one  to  three  journeys  through  this 
tract ;  I  have  crossed  it  in  all  directions  wljh  Indian  guides, 
great  part  of  which  no  white  man,  except  niyself,  has  ever 
set  loot  in  ;  and  T  find,  that  chief  of  the  interior  part  ron- 
sistis  of  a  rich  deep  black  soil,  which  I  am  well  convinced, 
when  well  inhabited  with  farmers,  will  become  one  of  the 
finest  countries  in  all  his  majesty's  territories  for  the  growth 
ofh6mp. 

It  is  only  about  five  years  since  this  valuable  tract  began 
to  be  occupied  at  all,  and  though   by  industrious   farmers, 
yet  by  such  as  have  brought  little   to  the   country.     A  few 
cows  and  sheep,  a  paii'  of  plough-o.^en,  one  or  two  horses, 
a  small  stock  of  farming  tools,  such  as  two  or  three  axi.-s, 
as  many  hoes  and  iron  wedges,  one  or  two  ox  chains,  biing 
the  most  that  a  new  settler  (generally  speaking)  possesses  on 
his  arrival  ;  with  these  ihey  make  a  shift  to'  clear  awav  the 
woods,  and  divide  and  fence  the  land  with  split  timber  into 
fields,  and  they  are  greatly  encouraged  to  continue  clearing 
away  the  forest,  in  consequence  of  the  high  price  given  for 
the  ashes  by  the  potash  makers  :  this  eventually  will  be 
vastly  in  their  favour,  in  future,  when  hemp  becomes   the 
object,  as  it  gives  time  for  the  roots  and  stumps  of  trees  to 
rot,  their  stock   of  horses   and  oxen  to  increase,  which  is 
essentially  necessary  before  the  farmer  can  expect  lo  be  suc- 
cessful in   the  growth   of  hemp.     It  is  in  this  progressive 
manner  that  this  fine  country  will  be  settled  ;  the  nature  of 
things  demands  the  pursuit  ;  and   the   first  settlers  are  in  a 
situation   capable   of  putting  the  same  in   practice  j    their 
Stock  of  horses  and  oxen  are  sufficiently  strong  to  work  the 
ground  a  second  time  over,  tear   up   the  stumps  and  roots, 
plough   and   pulverize  the   soil  ;    and   until    the  ground  is 
brought  to  this  slate,  it  is  not  fit  for  hemp,  as  hemp,  in  its 
nature,  depends  chiefly  upon  a  tap  root ;  and  wlien  this  root 
is  interrupted  in  its  progress  downwards,  it  will   throw  out 
horizontal  ones,  which    produce  horizontal  branches  also, 
and  the  open  spaces  round  the  stumps  of  the  trees  admitting 
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so  much  air,  permits  these  branches  to  rrrow  to  such  a 
length  and  strength  as  greatly  to  injure  the  bark  or  hemp  of 
the  stem.  Such  hemp,  when  it  comes  to  the  hackle,  breaks 
off,  and  drags  away  at  the  knobs  of  the  branches,  so  as  to 
leave  it  short,  and  make  a  very  great  waste  j  notwithstand- 
ing, if  there  was  a  sure  market  for  as  small  a  quantity  as 
50lb.  there  are  few  farmers  but  would  try  the  experiment ; 
and  if  one  was  more  successful  than  the  rest,  his  neighbour 
would  endeavour  to  find  out  the  reasons  why  it  was  so  : 
thus,  step  by  step,  the  knowledge  in  the  management  of 
hemp  would  be  greatly  extended,  the  farmer  would  gene- 
rally be  in  possession  of  fresh  seed,  and  when  grain  becomes 
less  an  object,  he  would  feel  no  fear  in  turning  his  attention 
to  the  culture  of  hemp  upon  a  large  scale;  and,  in  order  to 
encourage  the  farmer,  it  would  prove  highly  advantageous 
to  take  in  any  quantity,  great  or  small,  of  sound  hemp, 
assorted  perhaps  into  four  or  five  qualities,  according  to  its 
length,  which  will  vary  for  some  years  to  come,  for  tl;e  rea- 
sons before  given. 

The  high  price  of  labour,  owing  in  some  measure  to  the 
high  price  of  grain,  is  such,  that  hemp,  agreeable  to  the 
present  regulations,  is  not  an  object  with  the  farmer;  if  an 
addition  of  about  a  third  of  the  present  price  was  given,  it 
would  be  an  inducement  for  the  farmers  to  cultivate  their 
old  fields  in  a  more  spirited  manner,  which  bounty  might 
be  taken  off  again  when  grain  becomes  less  an  object  than 
it  is  at  present,  which  will  soon  he  the  case  in  time  of  peace, 
and  no  doubt  will  affect  the  price  of  hemp  in  proportion  in 
the  English  market. 

Tn  all  new  countries  where  labourers  are  scarce,  we  find 
many  contrivances  calculated  for  the  purpose  of  reducing 
labour,  more  for  the  sake  of  expedition  than  ease ;  such, 
for  instance,  as  the  saw-iuii',  the  hoe-ploughs,  scythe  and 
cradle  for  cutting  and  gathering  grain,  the  wooden  machine 
(drawn  round  by  one  horse)  for  thrashing  grain,  the  iron- 
shod  shovel,  drawn  by  oxen,  and  held  by  tv/o  handles,  as 
a  plough,  for  the  purpose  of  levelling  the  roads,  &c.  &c. 
Nor  are  the  Americans,  or  other  settlers  8cc.  in  this  coun- 
try, fond  of  any  work  that  needs  violent  exercise  of  the 
E-l  bodv. 
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body,  which  the  breaking  of  hemp  in  the  old  way  certainly 
occasions,  in  consequence  oF  requiring  a  cross  motion  oi 
each  arm,  which  makes  the  breakers  complain  of  a  pain 
about  the  short  ribs  on  the  side  they  hold  th«  hemp;  and 
on  the  opposite  side  a  little  under  the  shoulders,  so  that 
breaking  of  htMnp  in  the  old  way  is  a  great  obstacle  to  its 
increased  culture.  To  render  labour,  therefore,  soniewhat 
more  easy  and  expeditious,  is  an  object  worthy  the  first  at- 
tention, and  I  consider  it  practicable  at  a  small  expense, 
and  have  sent  to  the  Society  a  model  of  a  machine-  for  this 
purpose. 

I  have  observed  among  the  clothiers'  and  fullers*  ma- 
chinery, great  power  and  rapid  motion  proceeding  from 
what  is  commonly  called  a  dash  wheel,  erected  across  a 
stream  of  rapid  water,  the  flies  or  float  boards  of  which  arc 
fixed  in  the  octangular  axis,  from  fifteen  to  twenty-five  feet 
in  length,  and  from  three  and  a  half  in  depth,  each  flie.  I 
have  seen"  many  corn-mills  in  Upper  Canada,  with  no  other 
water-wheels  thnn  such  us  the  above  described,  which  save 
a  vast  expense  in  raising  dams,  8cc. 

There  are  a  number  of  streams  in  that  part  of  Canada, 
which  I  have  endeavoured  to  describe,  (as  to  the  practicabi- 
lity of  the  various  ways  of  cultivation,)  that  are  well  calcu- 
lated for  such  wheels;  and  where  these  streams  or  rivers  are 
not  too  wide,  the  axis  of  the  wheel  might  be  extended  across 
so  as  to  reach  the  land  on  each  side,  where  I  prepare  the 
breakers  to  be  fixed. to  go  by  a  tilt  the  same  as  a  forge  ham- 
mer, and  such  a  simple  piece  of  machinery  would  not  cost 
more  than  70  or  SO  dollars,  as  little  iron  would  be  wanted, 
and  limber  we  have  for  nothing;  and  when  in  motion  would 
employ  four  breakers  and  two  servers,  from  whom  I  should 
expect  as  much  e:ood  work  as  fifteen  or  sixteen  persons  could 
possibly  do  in  the  old  way,  and  that  without  much  bodily 
labour. 

Mills  for  breaking  hemp,  on  the  very  same  principle  as 
that  <}f  a  saw-mill,  as  to  motion  only  an  addition  of  an  iron 
crank,  so  as  to  run  with  two  cranks  instead  of  (me,  with 
sonu  thine::  of  a  larger  swecji  than  that  of  a  s-iw-mill,  would 
be  of  vast  utility  in  a  neighbourhood  of  a   large  growth   of 
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hemp,  and  \\oiiI(.i  not  cost  iTif>re  than  a  common  saw-mill  ; 
as  the  brakes  f)f"  the  frame  conunue  in  motion  the  same  as 
that  of  a  saw-iTiill,  Uvcnty  men  might  he  employed,  who 
would  do  as  much  as  fifty  or  sixty  could  do  in  the  old  way, 
and  wiih  n)uch  more  ease  and  pleasure  to  themselves  ;  and 
this  is  not  the  only  advajitage  that  would  result  from  suc+i 
mills  ;  it  would  cause  something  of  a  social  meeting,  which 
the  youth  would  be  ]>ariicularly  fond  of.  At  such  meetings 
all  thedefccts  respecting  the  culture  andmanatiemcntof  hemp 
would  be  examined  into,  and  those  who  raised  the  best  would 
becoiDC  ambitious,  and  try  to  excel  each  other;  thus  we 
might  reasonably  expect  that  Upper  Canada  would  far  exceed 
all  other  countries  in  the  world  for  the  growth  of  good  hemp. 

Brference  to  the  Engraving  of  Mr.  Bond's  Machine Jor 
breaking  Hemp.    Plate  I.  Fig.  3,  4. 

Fig.  3.  a.  Represents  the  axis  of  a  water-wheel,  on  which 
is  fixed  a  trunnion  of  four  lifters  I  h  t  b,  each  of  which  lifters 
raises  in  succession  a  lever  c,  which,  bv  means  of  a  chain 
connected  with  it,  pulls  down  another  lever  J,  and  thereby 
raises  the  upper  part  of  the  double  brake  e  ;  as  each  lifter  f)f 
the  trunnion  passes  the  lever  c,  it  allows  the  upper  part  of 
the  brake  to  fail  upon  the  hemp  on  the  lower  part  of 
the  brakeyy,  and  by  its  weight  and  teeth  intersecting  the 
teeth  of  the  lower  brake  /"/',  the  woody  parts  of  the  hemp 
plant  are  separated  by  repealed  strokes  from  the  fikmcnts  or 
fibres  of  the  hemp  proper  for  use,  and  complete  the  first 
operation  necessary  in  the  preparation  of  hemp  ;  ^  is  a  table 
on  which  the  woody  parts  of  the  hemp  fall,  and  which  table 
gives  security  and  strength  to  the  frame;  hhhli  are  the 
four  legs  or  supports  of  the  frame. 

Fig.  4.  Shows  a  section  of  the  teeth  of  one  half  of  the 
double  brake  above  mentioned  :  it  is  betwixt  the  upper  and 
lower  rows  of  these  teeth  that  the  breaking  of  the  hemp 
takes  place,  by  the  repeated  rise  and  fall  of  the  upper  part 
of  the  brake  upon  it. 

Fig.  5.  Shows  the  upper  part  of  the  brake,  in  which 
a  show  the  two  rows  of  teeth,  k  k  the  two  pins  on  which 
it  is  moved,  II  the  part  to  which  the  chain  which  raises  the 
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upper  part  of  the  brake  is  attached.  After  the  breaking 
otthe-hemp,  it  is  wholly  finished  tor  use  by  scutching  or 
swingHng,  an  operation  which  mav  be  cither  perfi)rmed  by 
the  hand  or  machinery,  and  is  easily  execiiled  by  cither 
mode. 

The   machinerv  for  breaking   hemp  should   be  removed 
from  the  rivers  previous  to  the  beginning  of  the  frosts. 


Xr.  Ohscrvaiioi7S  en  the  Breeding  of  Babbits  and  other 
Animals,  in  Canada.  By  William  Bond,  Esq.,  of 
Canada*. 

THE  WARKKN  RABBIT. 

JL  o  include  the  interest  of  the  colonists  and  the  mother 
country  also  in  one  and  the  same  pursuit,  is  not  only  laud- 
able, but  most  likely  to  succeed,  especially  where  only  a 
trifle  of  property  of  the  individuals  or  of  the  public  is  wanted 
to  set  the  bountiful  hand  of  Nature  to  work  in  a  country 
where  animal  subsistence  and  a  suitable  climate  call  for 
the  industrious  husbandman,  who  may  in  varifjus  ways  be 
useful  to  himself  and  his  country. 

In  my  travels  th.rough  America,  I  have  often  been  sur- 
prised that  no  attempt  has  been  made  to  introduce,  for  the 
purpose  of  propagation,  that  useful  little  animal,  the  warren 
rabbit,  of  such  vast  importance  to  the  hat  manufactory  of 
Enc^land.  It  is  chiefly  owing  to  the  fur  of  this  aninjal  that 
the  English  bats  are  so  much  esteemed  abroad.  It  is  a  fact 
well  known  amongst  the  hatters,  that  a  hat  composed  of 
one  half  of  coney  wool,  one  sixth  old  coat  beaver,  one  sixth 
pelt  beaver,  and  one  sixth  Vigonia  wool,  will  wear  far  pre- 
ferable to  one  made  of  all  beaver,  as  it  will  keep  its  shape 
better,  feel  more  firm,  and  wear  bright  and  black  much 
longer. 

The  value  of  the  coney  wool,  the  produce  of  the  luiited 
kinf^dom  only,  is  not  less,  I  will  venture  to  say,  than 
250,000/.  per  annum  ;  but  the  quantity  is  much  diminished, 

*  Trom  Traiisari/ovs  cf  ihe  Sndcii/ for  the  Encoura^tmcnl  of.lita,  Mauii' 
faciuns,  and  Cuvnniire,  fur  1807. 
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owing  to  the  banishmenl  and  persecution  they  meet  with  on 
every  side,  an«j  so  many  sinall  warrens  taken  in  for  grain 
land  ;  in  consequence  of  Vvhich  it  is  time,  that  some  nro- 
te^ition  should  be  afforded,  if  possible,  to  that  important 
branch  of  British  manufactory  (in  which  coney  wool  is  used) 
from  suffering  any  inconvenience  in  the  want  of  so  essential 
an  article,  and  the  accomplishment  of  this  grand  object  I 
conceive  perfectly  easy. 

General  Observations. — When  I  speak  of  the  v/arreii 
rabbit,  I  have  to  observe,  that  there  arc  in  Engiand,  as  well 
as  in  most  parts  of  Europe,  three  other  kinds,  viz.  the  tame 
rabbit,  of  various  colours,  the  fur  of  which  is  of  little  val  le, 
except  the  white  ;  the  shock  ralibit,  which  has  along  shaggy 
fur  of  little  value  ;  the  bush  rabbit,  like  those  of  America, 
which  commonly  sits  as  a  hare,  and  the  fur  of  each  is  of  a 
rotten  interior  quahty. 

To  return  to  the  warren  rabbit. — There  are  two  sorts  in 
respect  to  colour,  that  is,  the  cornmon  gray,  and  the  silver' 
gray,  but  little  or  no  difference  in  respect  to  the  strength  and 
felting  qualities  of  the  fur.  The  nature  of  this  anim  d  is  to 
burrow  deep  in  sandy  ground,  and  there  live  in  families, 
nor  will  they  suffer  one  from  a  neighbouring  tarnilv  to  come 
amongst  them  without  a  severe  contest,  m  which  the  in- 
truders are  generally  glad  to  retire  with  the  loss  of  part  of 
their  coats,  unless  when  pursued  by  an  enemy,  when  they 
find  protection. 

It  Is  scarcely  worth  while  for  me  to  mention  a  thing  so 
generally  known,  viz.  that  rabbits,  particularly  those  of  the 
warren,  are  the  most  prolific  of  all  other  four-footed  animals 
in  the  world  ;  nor  do  I  apprehend  any  difficulty  would  attend 
the  exporting  this  little  quadruped  with  safety  to  any  di- 
stance, provided  it  was  kept  dry,  and  rrgularlv  supplied  with 
clean  sweet  food,  and  a  due  regard  to  the  cleanhness  of  the 
boxes  or  jjlaces  of  confinement. 

Twelve  or  fifteen  pair  of  these  valuable  animals  taken  to 
Uppei  Canada,  and  there  enclosed  within  a  small  space  of 
ground  suitable  to  their  nature,  but  furnished  with  a  itw 
arificia  burrows  at  the  first,  by  way  of  >i  nursery,  spread 
over  those  now   useless  plains,  islands,  and  peninsulas,  so 
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well  calculated  to  their  nature,  would,   I  will  make  bold  to 
say,  the  eighth   year  after  their  introduction;  furnish   the 
British  n)arket  with  a  valuable  raw  material,  amountint;  to 
a  large  suns,  increasing  every  year  with  astonishing  rapidity, 
so  as  to  become,  in  a  few  years,  one  amongst  the  first  of 
naiional  objects. 

It  may  be  supposed  by  some,  that  the  above   project  is 
magnified  beyond  possibility,  or  even  probability  ;  but  from 
the  serious  attention  I  have  paid  to  the  subject,  these  many 
years  past,  as  to  all  points  for  and  against,  leaves  no  room 
to  accuse  myself  of  being  too  sanguine  ;  for,  if  propcrlv  ma- 
naged a  few  years  at  the  first,   I  cannot  find  a  single   thing 
likely  to  interrupt  their  progress. 

Some  idea  of  the  astonishing  increase  of  the   rabbit  may 
be  had  from  the  following  fajts  : 

An  old  doe  rabbit  will   bring  forih   younsc  nine  times  in 
on*  year,  and  from   four  to  ten  each  time  ;  but  to  allow  for 
casualties,  state  the  number  at  five  each  litter. 

In  nine  months        -  -  -  -  -         -  43 

The  females  of  the  first  litter  will  bring  forth  five  times, 

the  proportion  of  which  is  2}  females'  produce  62 

Those  of  the  second  litter  four  times  produce         -         30 
Ditto  of  ditto  third  ditto  three  ditto  ditto  -         37 

Ditto  of  ditto  second  ditto  two  ditto  ditto  -  C3 

Total  in  one  year  from  one  pair  -       2iy 

The  third  female  race  of  the  old  dam,  and  the  second  of 
the  first  litter,  seldom  breed  the  first  year,  but  are  early 
breeders  in  the  spring  following,  v\hen  we  might  expect  an 
increase  of  the  whole  in  proportion  to  the  first  pair,  if  pro- 
perlv  attended  to  and  protected. 

It  is  generally  allowed,  that  hares  are  not  more  than  one 
fourth  as  prolific  as  rabbits,  notwithstanding,  agreeable  to  an 
experiment  tried  by  Lord  Ribblesdalc,  who  enclosed  a  pair 
of  hares  for  one  year,  the  offspring  was  (as  I  have  been  cre- 
dibly informed)  68  :  these  animals,  could  they  be  exported 
to  Upper  Canada,. with  safety,  and  there  protected  within 
enclosures  for  a  few  years,  would  soon  after  spread  over  a 
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large  extent  of  country  :  the  fur  is  nearly  as  valuable  as  that 
of  the  rabbit. 

In  that  part  of  Upper  Canada  within  the  45  decrees  of 
north  latitude,  and  the  southern  and  western  boundaries,  the 
climate  is  nearly  the  same  as  that  of  England,  a  little  hotter 
a  few  days  in  summer,  and  a  little  colder  a  few  days  in  win- 
ter, agreeable  to  Fahrenheit's  thermometer,  which  I  have 
paid  great  attention  to  for  some  vears,  comparing  the  same 
with  the  observations  of  the  English. 

The  increase  of  most  animals  appears  much  greater  in 
proportion  in  America  than  in  Eifgland,  mankind  not  ex- 
cepted :  that  of  sheep  is  very  apparent  to  those  tl.at  pav  at- 
tention to  their  breeding  stock,  which  gives  me  hopes,  that 
in  a  few  years  we  shall  be  able  to  pay  for  our  woollen  cloths 
in  wool.  Finding  the  effect  of  soil  and  climate  so  salutary 
to  sheep.  Sec,  it  may  be  reasonably  supposed,  that  rabbits 
will  answer  the  most  sanguine  expectations,  as  I  understand 
the  wool  of  the  sheep  retains  all  its  nature  the  same  as  in 
England,  particularly  its  strength,  and  felting  qualities 
amonii  the  hatters,  which  assures  me  that  rabbit  wool  from 
those  bred  in  Upper  Canada  will  do  the  same  ;  and  there 
are  some  millions  of  acres  within  the  latitude  and  boundaries 
which  T  have  before  described,  suited  to  the  nature  of  the 
warren  rabbit  ;  nor  do  I  apprehend  that  the  wolves,  fv)xes, 
&c.,  of  Upper  Canada  will  be  half  so  destructive  aa  the 
poachers  in  England. 

The  Guanaco,  or  camel- sheep  of  South  America,  no 
doubt  will  be  a  national  object  at  some  future  period.  This 
is  a  tame,  domestic  animal,  very  hardy,  and  used  with 
much  cruelty  bv  the  natives  in  travelling  over  the  mountains 
with  their  burthens  ;  it  shears  a  fleece  of  wool  of  from  2lb. 
to  3lb.,  which  is  of  dusky  red  on  the  back  ;  on  the  sides 
inclined  to  white,  and  under  the  belly  quite  white;  its  tex- 
ture is  very  fine,  yet  strong ;  its  felting  qualities  very 
powerful,  and  is  worth,  when  ready  for  use,  from  five  to 
fifteen  shillings  per  pound.  This  animal  would  no  doubt 
thrive,  and  do  well  in  England,  Upper  Canada,  and  in  par- 
ticular I  should  suppose  in  New  Holland. 

The  Beater  might  be  propagated   to  great  advantp-ge  in 
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Scotland,  Ireland,  and  northern  parts  ot  England.  It  is 
an  animal,  when  tamed,  very  familiar,  and  will  eat  bread 
and  milk,  willow-sticks,  elm,  bark,  &c.,  and  no  doubt 
might  be  imported  with  safety  ;  but  as  these  two  last-men- 
tioned animals  are  not  likely  to  be  attended  to  immediately,  I 
shall  say  no  more  respecting  them  for  the  present. 

Pine  Timber.  There  are  many  thousand  of  large  pine 
trees  on  the  borders  of  the  lakes,  rivers,  &c.  in  Upper  Ca- 
nada, which  miohi  be  marked  and  secured  for  naval  pur- 
poses, and  which  niight  be  floated  down  to  Montreal  and 
Quebec  with  great  ease,  and  which  no  doubt  would  be  of 
great  benelit  in  furnishing  a  large  suj'ply  of  good  masts  for 
the  navy  of  this  empire. 


XII,  Memoir  upon  ilie  De.mlphuration  of  Metals.     By 
M.  GcENiVKAa,  Engineer  to  the  Mines. 

[Concluded  from  vol.  xxxi    p.  213.] 

Roasting  of  Galena. 

It  is  extremely  difficult  completely  to  desulphurate  galena 
by  roasting:  the  affinity  of  its  component  parts  for  oxy- 
gen docs  indeed  effect  their  disunion  quickly  enough  ;  but 
that  of  ih.e  new  compounds,  the  sulphuric  acid  and  the 
oxide  of  lead,  gives  birth  to  a  new  cotnbination,  which  re- 
tains the  sulphur,  and  thus  forms  an>obstacle  to  the  desul- 
phuration  :  to  this  same  affinity  of  the  oxide  of  lead  for 
the  sulphuric  acid,  we  must  attribute  the  facility  with 
which  this  acid  is  formed  in  the  roasting  of  galena. 

I  shall  examine  in  detail  the  various  processes  to  which 
this  important  deconjposition  gives  rise,  as  I  think  they 
will  explain  numerous  and  complex  phcenomena. 

Whatever  care  is  takv;n  in  roasting  galena,  it  is  impossible 
to  convert  all  the  suli.hur  into  sulphurous  acid,  and  to  avoid 
the  formation  of  sulphuric  acid  ;  the  result  always  gives  a 
mixture  of  oxide  and  of  sulphate  of  lead. 

In  roasting?  performed  upon  a  large  scale,  and  in  a  regu- 
lated atmosphere,  the  proportion  of  sulphate  of  lead  is  much 

more 
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more  considerable,  it  is  regulated  by  the  temperature  aud 
by  J'.e  facility  with  which  the  air  penetrates  the  ore;  nu- 
merous experiments  made  in  I'Ecole  des  Mines  incline  me 
to  think  thai  the  roasted  sclilicli  of  the  Pezey  ore  contains 
half  its  weight  of  sulphate  of  lead  ;  whence  it  follows,  that 
even  supposing  the  whole  galena  to  be  decomposed,  the 
•roasting  has  not  separated  the  half  of  the  sulphur  it  con- 
tains. 

The  reverberating  furnace  may  be  employed  witli  great 
success  in  roasting  the  sulphurized  ores  of  lead.  In  some 
foundries,  they  produce  in  this  kind  of  furnace  so  complete 
a  separation  of  the  sulphur,  that  it  is  sufficient,  when  the 
roasting  is  supposed  to  be  finished,  to  add  some  charcoal,  in 
order  to  obtain  instantaneously  a  great  quantity  of  metallie 
lead.  It  cannot  be  doubted,  however,  that  a  great  quantity 
of  sulphate  of  lead  is  formed  ;  which,  as  we  have  already 
seen,  is  a  necessary  result  of  the  action  of  the  air  upon  ga- 
lena exposed  to  a  high  temperature;  the  chimneys  of  the 
furnaces  are  likewise  filled  with  the  above  substance  :  the 
decomposition  of  this  sulphate  by  charcoal  produces  a  sul- 
phuret  or  a.  matte  of  lead;  and  although  sulphurous  acid 
may  be -disengaged,  it  is  very  difficult  to  explain  whv  '.he 
addition  of  charcoal  makes  the  lead  flow  instantly  in  a  con- 
siderable quantity.  I  thought  that  the  sulphate  of  lead  was 
decomposed  during  the  roasting,  and  that  nothing  remain- 
ed after  this  operation,  but  an  oxide  a  little  mixed;  and  I 
thought  I  discovered  the  cause  of  this  decomposition  in  the 
action  of  the  galena,  as  yet  undecomposed,  ui)on  the  sulphate 
formed.  The  following  experiments  will  show  the  nature 
and  result  of  this  action. 

I  put  into  a  retort  a  mixture  composed  of  one  part  of 
pulverized  sulphuret  of  lead, and  three  of  sulphate*,  and  I 
healed  it  at  first  but  slowly.  When  the  retort  was  red-hot,,  a 
considerable  disengagement  of  sulphurous  acid  gas  took  place 
which  lasted  an  hour,  when  the  retort  melted;  the  residue 
presented  a  mixture  of  oxide  and  of  sulphate  of  lead.  I 
ascertained  that  the  sulphurous  acid  which  had  been  collect- 
ed in  the  water  was  not  mixed  with  sulphuric  acid, 
•  TbU  mixture  was  made  in  the  huiviid  wav. 

This 
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This  expcTlmciii  dt-nionstrales  in  an  indisputable  man- 
Titr  the  decomposition  of  the  sulpliale  of  lead  by  the  wul- 
phuretjor  rather  that  of  the  sulphuric  acid  which  it  contains, 
by  the  sulphur  and  the  lead  of  the  galena.  The  sulpluirous 
acid  certainly  proceeds  both  troni  the  oxygenation  of  the  sul- 
phur, and  from  the  denii-decoinposiiion  of  the  acid,  as  I  am 
com  inced  that  no  sulphate  remained  in  the  residue.  I  re- 
peated this  deconjposition,  employing  equal  parts  of  galena 
and  of  sulphate  ;  the  sulphurous  acid  disengaged  was  more 
abundant,  and  ihcrc  remamed  in  the  retf)rt  a  mixture  of 
oxide  and  of  sulphuret;  from  which  I  concluded,  that  if,  in 
the  first  experiment,  the  proportion  of  sulphuret  of  lead 
was  too  weak,  it  was  too  strong  in  the  latter.  I  also  made 
another  attempt  to  attain  some  proportions  rigorously  suf- 
ficient for  the  niutuai  decomposition,  and  endeavoured  at  the 
same  time  to  assure  mvsclf  of  the  oxidation  of  the  lead  con- 
tained in  the  galena  in  a  metallic  state.  I  jait  fourteen  gram- 
mes of  sulphate,  well  mixed  with  eight  grammes  of  sul- 
phuret, in  a  crucible,  which  I  allowed  to  become  red-hot 
in  a  gradual  manner.  I  remarked  that  a  considerable 
crackling  was  produced,  orccasioned  by  the  disengagement 
of  the  sulphurous  acid.  I  did  not  take  the  crucible  from  the 
fire  until  I  saw  its  contents  melted.  I  found  two  substances 
well  separated  ;  the  oneoccu])ying  the  bottom  of  ihe  crucible 
was  merely  melted  sulphuret  of  lead,  without  any  mixture 
ol"  ductile  lead  ;  the  other  presented  all  the  characters  of  the 
oxide  of  lead  called  glasi  of  lead  j  this  part  was  a  con)bina- 
lion  of  oxide  and  ui  silcx,  proceeding  from  the  materials  of 
the  crucible,  without  any  marks  of  sulphate  of  kad. 

This  experiment  [)ro\td  that  the  lead  of  the  galena  was 
oxidated  at  the  expense  of  the  sulphuric  acid  ;  but  it  did 
not  show  the  «]ua:iliiy  of  galena^  necessary  to  the  complete 
decomposition  of  the  sulphate.  I  am  of  opinion,  how- 
ever, that  the  proportion  of  on^  part  of  the  former  to  two 
of  the  latter  is  sufficicni  ;  besides,  it  closely  resembles  I  he 
proportion  winch  calculaiion  gives  us  of  th.e  composition  of 
these  substances. 

The  following  are  the  natural  consequences  of  these  facts: 
1st.  The  galena  and  the  sul|-hatc  of  lead   are    muUially  de- 
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composed  at  a  high  temperature.  2d.  This  decomposition 
gives  place  to  the  formation  and  to  the  disengagement  of  a 
great  quantity  of  sulphurous  acid,  and  consequently  to  the 
separation  of  a  considerable  portion  of  the  sulphur  contain- 
ed in  the  ore*.  3d.  The  result  is  oxide  of  lead,  when  the 
proportions  are  proper ;  and  in  the  contrary  case  a  mixture  of 
oxide  and  of  sulphat,  or  oxide  and  galena.  The  application 
of  these  consequences  to  the  roasting  of  the  sulphuret  of 
lead  in  this  reverberating  furnace  is  very  easy.  1  shall  explain 
the  theory  of  this  operation  in  the  way  1  conceive  it. 

The  pulverized  galena,  or  the  schlick  of  lead,  spread   out 
upon  the  floor  of  the  furnace  in  a  layer  of  a   few  inches  in 
thickness,  the  upper  part  of  which  is  exposed  to  the  action, 
produces  the  phssaome'na  usually  observed   in  the   common 
roastings.      The  heat   vaporises   a   little    sulphur;   the  air 
converts  that  part  upon  which  it  acts  into  sulphurous  acid, 
which  is  liberated  ;  but  a  much  greater  part  is  converted  into 
sulphuric  acid,  which  iscombinedwlth  the  lead  oxidized  at  the 
same  time.  The  ores  are  stirred  ;  the  sulphate  of  lead  is  mixed 
with  theundecomposed  schlich,  and  their  decomposition  pro- 
<luccs  sulphurous  acid ;  the  surface  of  the  layer  which  has 
heen  renewed,  reproduces  sulphate,  which  afterwards  serves 
to  produce  a  new  diseno;agement  of  gas,  and  thus  continues 
the  desulphuration,  to  which  we  find  there  is  no  end  except 
the  complete  decomposition  of  the  galena.     If  the  operation 
has  been  well  managed,  and  if  too  much  sulphate   of  lead 
has  not  been  formed,  the  result  of  the  roasting  will   be   al- 
Hiost  pure  oxide  of  lead ;  in  the   contrary  case,  some   sul- 
phate will    probably  remain,    which   charcoal    will    bring 
back  to  the   state  of  sulphuret,  and  the  decomposition   of 
which  will  take    place  like  that  of  the  galena.     We  may 
judge   from  this  detail,  how  important  it  is  to  avoid  melting 
the  sulphuret  of  lead  subjected  to  roasting;  for   the  action 
of  the  air  upon  the  melted  ore  will  soon  be  rendered  null  by 

*  If  we  admit  that  a  mixture  of  one  part  of  sulphuret  and  two  of  sul» 
phate  are  entirely  d«composed  and  reduced  to  oxide  of  lead,  the  quan- 
tity of  sulphur  separated  will  be  two-fifths:  so  that  one  part  of  sulphate,  ia 
an  indefinite  quautity  of  ga'^ena,  will  separate  one-fifth  of  sulphur;  and  cue 
of  sulphuret  in  sulphate  will  separate  three-fifths. 
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the  formalion  of  the  oxide  of  lead  which  will  cover  it;  ani 
the  snlpbato  of  lead  not  being  capable  of  being  any  longer 
mixed  witli  the  galena,  there  will  be  no  method  leit  of  de- 
sulphuration. 

The  roasting  of  galena  in  the  reverberating  furnc-vee  is 
therefore  reduced  to  the  conversion  of  the  sulphur  which  it 
contains  into  sulphurous  odd ;.  and  as  it  is  produced  in  a 
great  measure  by. the  intermedium  of  the  sulphate  of  lead 
which  is  continually  formed,  this  ])rocess  admits  of  a  much 
more  complete  desulphuration  than  the  others. 

The  same  decomposition  of  the  sulphuret  of  lead  by  the 
sulphate,  in  my  opinion,  takes  place  also  in  the  treatment 
of  the  ores  of  lead  in  what  are  called  Scotch  furnaces:  in 
Scotland  they  roast  and  melt  galena  by  one  uninterrupted 
operation,  employing  coal  and  turf. 

This  kind  of  furnace  is  employed  with  success  in  the 
mine  at  Pezey,  i»i  melting  roasted  galena  containing  at  least 
^-  of  its  weight  of  sulphate  of  lead.  It  gives  no  mattes  as 
a  final  result,  which  proves  that  it  admits  of  the  decompo- 
sition of  tlie  sulphate  and  the  separation  of  the  sulphur 
contained  in  it.  I  am  of  opinion  that  the  action  of  the 
j)ortion  reduced  to  the  state  of  sulphuret  by  the  contact  of 
the  coals  upon  the  undecomposcd  sulphate,  is  one  of  the 
principal  causes  of  the  desulphuration  produced. 

VVe  have  had  occasion  to  speak  of  several  kinds  of  iur- 
naces,  (the  Fahlun  and  Scotch  furnaces  among  the  rest^)  in 
which  the  metallic  sulphurcts  will  undergo  a  real  roasting ; 
.  but  there  are  others  where  this  effect  is  scarcely  perceptible. 
I  consider  the  present  as  a  propx^r  opportunity  for  intro- 
ducing some  relkctions  upon  the  ditleiences  they  exhibit  in 
this  respect.  They  ought  to  excite  the  more  interest,  be- 
cause they  are  intimately  connected  with  the  present  sub- 
ject, and  explain  some  phnenomena  which  cannot  be  ac- 
counted for  from  the  way  in  which  the  operation  of  roasting 
lias  generally  been  regarded. 

It  is  a  well-known  fact,  in  foundries,  that  the  highest 
furnaces  are  those  which  admit  of  desulphuration  the  least, 
or,  in  the  language  of  the  workmen,  they  produce  the  most 
mades.     If  a  convincing  proof  of  this  is  wanted,  it  will  be 

sclTicicut 


On  ike  Desulphiraiion  of  Metals.  83 

sufficient  to  mention,  that  at  Pezcy  there  have  been  seen 
roasted  ores  of  lead,  containing!:  a  great  deal  of  sulphate  of 
lead,  the  flux  of  which,  in  the  Scotch  furnace,  eave  no 
modes,  and  yet  they  produce  a  great  quantity  when  they  ard 
passed  to  the  common  furnace. 

If  heat  alone  decomposes  easily  and  completely  the  me- 
tallic  sulphurets,  the  upper  part  of  the  high    furnaces  will 
be  very  proper  for  operating  the  roasting  of  ores;  for  besides 
the  temperature  being  a  little  elevated,  the  air  which  ascends 
to  that  height,  being  deprived  of  a  part  of  its  oxygen,  forms 
very  little  more  of  these  sulphates  which  are  opposed  to  the 
separation  of  the  sulphur  :  but  it   is  quite  different,   and  in 
my  eyes  it  is  a  new  proof  of  the  little  effect  of  the  action  of 
caloric  alone  upon   substances.     The   sulphur  is    separated 
from  tbe  sulphurets,  as  we   have  seen,    in   the  state  of  sul- 
phurous acid,  and  oxygen  is  indispensable  to  its  iormation. 
In  furnaces  not  much  raised,   the  air  which  touches  the  ore 
recently  thrown    in,  slill    contains  a  great  deal  of  ox\gen  ; 
the  sulphurous  acid   formed  is  soon  subjected  to  the  deox- 
idating action  of  the  coals;  if  there  be  a  small  portion  of  it 
decomposed,  a  new  sulphuret  is  formed,  which  is  afterwards 
roasted  like  the  mineral.  In  the  Scot'^h  furnace,  for  example, 
when  mattes  are  melted,  they  are  thrown  successively  inta 
the  furnace,  and  what  has  escaped  one  operation  is  decom- 
posed by  a  second.    In  high  furnaces,   on  the  contrary,  the 
ores  placed  in  the  upper   part  undergo  but  a  very  imperfect 
desulphuration,  because  the  air  which  comes  in  contact  with 
it  contains  but  very  little  free  oxygen,  the  sulphurous   acid 
formed  in  the  interior  is  in  a  great  measure  decomposed  by 
traversing  the  whole  height  of  the  furnace  tilled  with  coals^ 
and   the  sulphuret   is  recomposed;  the   latter   tends  by  its 
gravity  to  gain   the  basin,  where  it   does  not  arrive  until 
after  a  series  of  decompositions,  which   cannot  take  place^ 
as  we  have  in  fact  observed,  without  there  resulting  a  con- 
siderable loss  in  metal. 

All  these  facts  seem  to  leave  no  doubt  as  to  the  following 

proposition  :  The  decon)position  of  the  metallic  sulphurets 

by  roasting  is  produced  by  the  oxygenation  of  its  compounds, 
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and  the  sulphur  is  separated  iiinre  or   less  completely  in  the 
stale  of  sulphurous  acid. 

§  III.  Desulphuration  of  the  Metals  indtpeiident  of  the  Action 
of  the  Air, 

The  varied  affinilie?  oi"  sulphur  for  different  mineral  sub- 
stances, furnish  the  means  of  decomposing  certain  sul- 
phurets ;  and  several  have  been  enjployed  in  metallurgy 
with  success.  In  order  that  the  decomposition  of  a  metallic 
sulphuret  by  any  mineral  should  form  the  basis  of  a  metal - 
lurgic  process,  it  is  not  sufficient  that  the  affinity  of  tliis 
mineral  for  sulphur  should  be  greater  than  that  of  the  metal; 
it  must,  besides  the  conditions  required  by  ceconomy,  also 
possess  several  other  requisites  absolutely  necessary  for  the 
success  oi"  the  operation,  which  considerably  limit  the  num-> 
ber  of  the  a<i:ents  pointed  out  by  chemistry  :  for  instance,  if 
the  sulphuret  resulting  from  the  decomposition  is  not  fusible, 
or  but  very  little  so,  if  it  has  the  property  of  combining 
with  the  meial  required  to  be  separated,  or  rather  with  the 
still  undeeomposed  sulphuret,  it  isjevident  that  we  cannot 
eflect  our  purpose,  namely,  the  isqlation  of  the  metallic 
substance.  Hitherto  little  else  ha;s',been  used  except  lime 
and  iron. 

D&sulpfmration  of  Mercury. — It  is  very  eisy  to  decom- 
pose the  sulphuret  of  mercury;  it  being  sufficient  if  we 
present  to  the  sulphur  a  substance  capable  of  retaining  it, 
and  volatilize  the  mercury  alone.  It  is  thus  that  iron  and 
lime  are  employed  together  or  separately  in  the  treatment  of 
the  ores  of  cinnabar. 

Desulpkuration  of  Copper. — Pyritous  copper  is  melted  in 
some  foundries  with  lime,  cither  in  the  common  or  in  the 
reverberating  furnace;  but  the  process  is  not  well  enough 
known  as  yet  to  enable  us  to  judge  of  the  efficacy  of  lime  as 
an  agent  in  this  case. 

]  was  once  of  opinion,  with  some  nittalUirgists,  that  the 
well-known  superior  affinity  of  iron  for  sulphur  over  that 
of  copper  for  the  same  combustible,  might  determine  the 
decoaip'i^iiionof  ihi;  .s;./,';/y//;vZ  rf  cor;prrh\-  'J.'"-.  imcisI,  at  least 
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in  certain  cases.    The  following  experiments,    howjver,  did 
not  warrant  me  in  continuing  of  this  opinion. 

First  Experiment, — I  made  a  mixture  of  ten  grammes  of 
pyritous  copper,  the  composition  of  which  I  knew,  with  four 
grammes  of  iron  fihngs  :  I  put  this  into  a  crucible,  covered 
with  charcoal  in  powder,  and  heated  ii  in  the  forge  for  three 
quarters  of  an  hour.  The  proportion  of  the  iron  had  been 
calculated  so  accurately  that  it  was  sufficient  for  taking  up  all 
the  sulphur  combined  wiih  the  copper  in  the  mineral  em- 
ployed. I  found  in  the  crucible  a  perfectly  homogeneous 
mass,  weighing  thirteen  grammes,  which  did  not  contain 
(he  smallest  globule  of  metallic  copper^  nor  any  appearance 
of  separation,  between  the  sulphuret  of  iron  and  that  of 
copper  '*. 

Second  Experiment. — Another  trial  was  made  by  employ- 
ing ten  grammes  of  pyritous  copper  and  five  grammes  of  the 
same  roasted  mineral.  This  is  nearly  the  case  with  the  fluxes 
in  which  the  ore  or  tiie  mattes  arc  not  completely  desulphu- 
rated ;  the  proportion  of  the  iron  was  still  sufficient  for 
separating  copper,  which  was  very  abundant  in  the  mixture. 
I  kept  up  the  heat  for  three  quarters  of  an  hour,  and  found, 
as  in  the  preceding  experiment,  a  homogeneous  mass,  with- 
out any  trace  of  metaU'te*  copper,  nor  of  pure  sulphuret  of 
copper  ;  this  was  a  real  rnatte  of  copper. 

Third  Experiment. — On  this  occasion  an  equal  mixture 
of  crude  pyritous  copper,  and  roasted  copper,  dipped  in 
olive  oil,  and  heated  strongly  for  half  an  hour  in  a  crucible, 
presented  nothing  but  a  powder,  which  had  not  undergone 
fusion,  on  account,  wiihont  doubt,  of  the  superabundance 
of  the  iron. 

I  think  these  few  experiments  are  sufficient  for  provino- 
that  the  desulphuration  of  copper  by  means  of  iron  will  be 
always  very  difficult,  because  there  is  formed  a  triple  com- 
hination  let  ween  the  sulphur,  iron  and  copper,  or  rather  a 
combination  between  the  snlphurets  of  copper  and  of  iron, 
which  prevents  the  separation  of  the  copper. 

*  In  the  decomposition  of  p:nlen<i  l)y  iron,  we  observe,  when  the  latter  is  in 
too  small  quantity,  three  distinct  substances  of  lead,  sulphuret  of  lead,  and 
lastly,  sulphuret  of  iron  in  the  upper  part. 

F  3  Desulphuration 
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DesuJ ')hurntion  of  Galena. — This  is  one  oF  the  sulphuret* 
which  best  y't^lcls  to  the  decomposition  ir  question  .  the  fu- 
sibility of  the  lead  ^hich  facihtales  its  aGfiiregation,  as  well 
as  the  little  affinity  it  has  for  sulphur,  are  the  causes  of  the 
successful  trials  that  have  been  made  on  thi-.  subject.  Lims 
and  iron  are  employed  in  various  circumstances  in  the  de- 
sulphuration  of  galena;  the  use  of  lime  is  not  very  general, 
and  it  is  impossible  to  judge  of  its  effects  from  what  is  known 
of  the  properties  of  the  sulpluiret  of  lime.  The  treatment 
of  galena  by  iron  is  more  in  use,  and  appears  more  advan- 
tageous. 

The  above  memoir  will,  I  hope,  suggest  several  experi- 
ments to  those  w  ho  are  engaged  in  metallurgical  pursuits. 

AH  the  experiments  I  have  detailed  were  performed  in 
the  laboratory  belonging  to  the  Council  of  the  Mines,  and 
under  the  eyes  of  M.  Descostils,  by  whose  superior  judge- 
ment I  profiled  considerably  during  the  progress  of  my 
labours. 


XI TT.  Report  of  Surgical  Cases  in  the  City  and  Finshmj 
Diapensari.es,  for  April,  Mqtj,  and  June,  IbOS.  JVith  two 
Cases  of  Dropsy  of  the  Ovarium.  By  John  TauntOxV, 
Esq. 

Xn  April,    May,    and  June,   there  were   admitted   on    the 

books  of  the  City  and  Finsbury  Dispensaries  7  85  surgical 

patients. 
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Mrs.  Dennison,  aetat.  29,  has  generally  enjoyed  a  good 
state  of  health  till  within  about  eighteen  months,  when  she 
had  svmploms  of  dropsy  of  the  ovarium  ;  the  right  side  of 
the  abdomen  enlarged  most,  was  irregular,  and  has  been 
most  painful  during  the  continuance  of  the  disease. 

The  catamenia  stopped  about  a  year  since,  when  the  abdo- 

juei; 
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men  enlarged  more  rapidly,  and  the  health  became  very 
bad:  she  was  received  into  an  hospital  at  the  beginning  of 
the  present  year,  and  continued  till  May  in  such  a  weak 
state  that  it  was  not  thought  advisable  to  operate.  Her 
health  being  improved,  the  operation  of  paracentesis  was 
performed,  but  only  about  five  or  six  quarts  of  a  very  thick 
fluid  were  evacuated,  and  that  with  great  pain,  from  the 
vioient  pressure  made  use  of  to  force  it  through  the  canula. 
Its  passage  was  naturally  slow,  and  the  operatioii  was  tedious 
in  the  extreme. 

The  inconvenience  she  now  (Oct.  21,  1S08,)  experienced 
from  the  great  enlargement  of  the  abdomen,  induced  her 
again  to  solicit  aid  from  an  operation,  hoping  to  ex[jerience 
more  benefit  than  before. 

The  abdomen  was  greatly  enlarged  in  every  part,  but 
more  so  on  the  right  side,  which  was  unequal,  and  more 
painful.  The  fluctuation  could  not  be  distinctly  felt  by 
myself,  but  Dr.  Lidderdale  thought  it  was  evident.  The 
large-sized  trocar  was  introduced  about  three  inches  below 
the  umbilicus  in  the  linea  alba  ;  but  the  contained  matter 
-was  so  thick  as  to  prevent  its  passing  along  the  canula,  and 
only  about  an  ounce  of  a  glary  substance,  as  thick  as  gelly, 
but  of  a  fibrous  texture,  escaped  ;  some  part  of  which  re- 
sembled that  kind  of  caseous  matter  frequently  found  in 
€crophulous  abscesses. 

At  the  upper  part  of  the  abdomen  near  the  serobicitlus 
cordis,  the  undulating  motion  of  a  fluid  was  evident,  but 
she  could  not  be  prevailed  upon  to  be  tapped  in  that  part. 

May  1805.^ — Mrs. ,  aetat.  42.  About  twelve  months  " 

before  this  time  she  thought  herself  pregnant ;  but  as  the 
enlargement  of  the  abdomen  was  attended  with  more  pain 
than  is  usual  in  pregnancy,  she  applied  for  advice,  and  was 
placed  under  the  care  of  Dr.  Pincard,  in  the  Bloomsbury 
Dispensary,  and  was  tapped  by  Mr.  Blair;  v^'hen  only  a 
small  quantity  of  a  gelly-like  substance  passed  the  canula, 
and  she  died  in  four  days  after  the  operation. 

On  opening  the  abdomen,  the  right  ovarium  reached  from 
die  pelvis  to  the  scrobiculus  cordis,  occupying  the  whole  an- 
terior part  of  the  abdomen,  the  viscera  of  which  were  ob- 
F  4  scared 
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scured  hv  tb.is  tumour,  which  contained  about  three  gallons 
of  a  gelly-Hke  suDsiance,  enclosed  and  supported  by  innu- 
merable membranou-j  bands  coniinncd  across  the  ovarium 
in  ev  ry  possible  direction,  so  that  it  could  not  be  pressed 
out  bu.  with  great  force  :  the  uterus  was  enlarged,  and  the 
viscera  were  covered  with  lymph. 

A  preparation  of  the  above  case  is  in  my  museum. 

John  Taunton, 

Grsville  street,  H;itton  G;udcn,         S'.irj^eon  to  the  City  and  Finsbury  Dispen- 
Oct.  24,  180S.  saries,  and  City  Truss  Sooiet)',  1-ecturer 

on  Anatomy,  Surgery,  Physiology,  &c. 


XIV.  Notices  respecting  New  Book^. 

JVIr.  Carmichakl,  of  Dublin,  has  in  the  press  a  new 
edition  of  his  "  Essay  on  the  Eflects  of  Carbonate  and  other 
Preparations  of  Iron  upon  Cancer;  with  an  Inquiry  into  the 
Nature  of  that  Disease."  The  work  will  appear  in  January 
next,  and  has  been  so  much  enlarged  and  improved  that  it 
may  be  almost  considered  an  entire  new  work. — Among  the 
additions  are  a  great  number  of  highly  interesting  cases  :  A 
disquisition  on  the  uses  of  the  oxide  of  iron  in  the  blood, 
and  remarks  on  such  diseases  as  depend  on  its  excess  or  de- 
ficiency, or  in  any  way  bear  a  relation  to  cancer  ;  with  an 
attempt  to  answer  the  queries  of  the  Medical  Society  esta- 
blished in  London  for  investigating  the  nature  and  cure  of 
that  complamt. 

Mr.  Taunton,  of  Greville-Street,  Hatton-Gardcn,  is 
making  arrangements  for  publishing  a  small  work  on  Patho- 
logy, which  will  be  illustrated  with  copper-plates. 


XV.    Intelligence  and  Miscellaneous  Articles. 

DECOMPOSITION  OF  THE  ALKALIS. 

\Jii  this  interesting  subject,  in  addition  to  what  we  have 
givLn  m  this  and  our  preceding  Numbers,  we  h.ave  now  to 
state  that  the  French  chemists  have  not  only  repeated    Mr. 

Daw's 
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Davy's  experiments  on  potash  and  soda,  but  confirmed,  if 
any  confirmation  had  betn  necessary,  tiie  accuracy  of  his 
researches,  by  obtaining  similar  results  by  a  different  pro- 
cess. 

MM.  Gav  and  Thenard  have  succeeded  in  deoxidating 
potash  bv  means  of  iron.  The  event  is  announceu  m 
Conespondance  siir  I'  Ecci'e  Impenale  Polytcchnique,  No.  10*, 
in  the  following  terms  .- 

*'  A  letter  from  London,  dated  23d  Nov.  1807,  announced 
that  Mr.  Davy  had  succeeded,  by  means  of  a  strong  galvanic 
pile,  in  decomposing  ihe  two  alk^hs  of  potash  and  soda; 
and  that  Mr  Davy  had  read,  to  the  Royal  Society  of  Lon- 
don, a  memoir,  in  which  he  coHcludcd  that  these  two  alk-aiis 
were  metallic  oxides. 

"On  the  Sih  of  December,  1607,  Messrs.  Gay  and 
Thenard  repeated  at  the  laboratory  of  the  Pol\  teclmic  School 
the  experiments  of  Mr.  Davy,  ajid  actually  obtained  at  the 
negative  pole  of  a  pile,  with  large  plates,  the  two  new  metals, 
the  existence  of  which  had  not  been  even  suspected  previ- 
ously to  Mr.  Davy's  experiments. 

**  The  above  two  chemists,  however,  continued  the  in- 
quiry in  a  new  point  of  view  ;  they  proposed  to  themselves 
the  discovery  of  a  substance  sufficiently  oxidizable  to  take 
off  the  oxygen  from  the  alkalis,  which  had  been  ascertained  to 
be  metallic  oxides,  and  their  experiments  were  followed  with 
the  greatest  success. 

«'  On  the  7lh  of  March,  1808,  Messrs.  Gay  and  Thenard 
informed  the  Institute  of  France,  that  upon  treating  potash 
with  iron,  in  the  fire  of  a  reverberating  furnace,  the  iron 
deoxidated  the  potash  and  made  it  pass  to  the  metallic  state." 

*'  On  the  Apparatus  best  adapted  for  deoxidating  Potash 
by  Iron.     By  iV/.  Hachette. 
'*  The  gentlemen  pages  to  the  Emperor  being  desirous 

*  We  are  indebted  to  Mr.  Davy  for  the  use  of  this  journal.  We  need 
scarcely  state  to  our  readers  that,  in  the  present  interrupted  state  of  commun- 
«ation  between  this  country  and  the  Continent,  we  find  it  extremely  difficult 
to  procure  the  foreign  journals.  May  we  add,  that  our  friends  who  happen 
to  obtain  any  of  them  cannot  confer  on  us  a  greater  favour  than  by  allowing 
us  the  use  of  them  for  a  few  days  ? 

of 
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of  Sfieing  the  new  metal  obtaincu  FroiTi  potash,  I  repeated,  at 
, their  chemical  laboratory,  the  experiment  oi'  Messrs.  Gay 
and  Thenard,  in  presence  of  the  governor  to  the  pages, 
M.  d'Assigny. 

*'  The  apparatus  is  equally  simple  with  that  for  llie  de- 
composition of  water  by  means  of  iron,  and  every  thing 
proceeds  in  the  sanie  way  as  in  this  last  exfieriment*  W'e 
})ut  inro  a  gun-barrel  a  quantity  of  iron  filings  sufficient  to 
till  that  part  of  it  which  was  inserted  in  the  furnace : 
caustic  potash  was  introduced  into  one  of  its  ends  not  in- 
serted in  the  furnace,  and  the  extremity  was  luted  ;  a  tube 
of  safety  was  adapted  to  the  other  extremity  of  the  gun- 
barfcl,  and  a  strong  heat  was  then  applied. 

"  The  furnace  I  used  upon  the  occasion  was  25  centime- 
tres in  diameter,  with  double  blast  bellows.  While  the  fur- 
nace was  strongly  heated,  I  cooled  with  ice  that  j)art  of  the 
gun-barrel  which  contained  the  potash  :  after  continuing  a 
strong  heat  for  an  hour,  I  melted  the'potash  by  means  of  a 
small  portable  furnace  of  sheet  iron  ;  the  gun -barrel  being 
a  little  inclined  towards  the  tube  of  safety,  the  fused  potash 
came  in  contact  with  the  iron  :  in  an  instant  the  hydrogen 
of  its  water  of  crystallization  was  disengaged  by  the  ex- 
tremity of  the  tube  of  safety,  which  was  inserted  under 
water. 

"  'Hiis  disengagement  of  hydrogen  is  a  certain  mark  of 
the  success  of  the  experiment.  When  it  slackens,  from  the 
liquid  potash  having  cooled  the  iron,  we  may  remove  the 
small  furnace  placed  under  the  potash,  which  keeps  it  li(juid, 
and  restore  to  the  iron  the  temperature  necessary  for  re- 
ceiving new  liquid  potash. 

'^  This  last  effect  is,  as  we  see,  completely  similar  to 
what  takes  place  in  the  decomposition  of  water  j  for  if 
we  pour  too  much  water  on  the  red-hot  iron,  the  metal  is 
cooled,  and  the  water  passes  off  in  vapour  w  ithout  being 
decomposed. 

*' Before  fusing  the  potash  in  order  to  bring  it  over  the 
iron,  1  placed  in  ice  that  part  of  the  gun-barrel  to  which 
the  tube  of  safety  is  adapted,  and  which  serves  as  a  refri- 
gerant. 
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•■'  In  about  half  an  hour  from  the  moment  at  which  the 
potash  is  fu^cd,  the  disengagement  of  hydrogen  ceases,  aiid 
the  operation  i-  concluded. 

*'  When  the  furnace  is  quite  cold,  the  safety  tube  is  takea 
away,  and  the  extremity  of  the  gun-barrel  is  closed  by  a 
plug.  In  order  to  extract  the  metal,  the  gun-barrel  is  cut 
at  the  conmiencement  of  the  part  which  has  served  for  a 
refrigerant,  aiul  the  metal  (potassium)  presents  itself  in  the 
form  of  small  brilliant  laminas,  adhering  to  the  sides  of  the 
gun  barrel :  the  greatest  quantity  is  found  close  to  the  re- 
frigerant ;  another  portion  is  not  condensed  until  it  is  very 
close  to  the  plug  of  the  safety  tube  :  this  last  portion  ad- 
heres very  slightly  to  the  gun- barrel,  and  the  least  effort  is 
sufficient  to  detach  it  :  it  is  even  partly  oxidized  by  air  ad- 
mitted during  the  cooling  of  the  furnace;  and  when  the 
whole  is  rtccived  over  naphtha,  the  oxidized  part  is  de- 
tached in  lamince,  and  exposes  to  view  a  white  and  brilliant 
metallic  surface. 

*'  As  to  the  portion  of  potash  condensed  nearer  the  fur- 
nace, it  must  be  detached  by  nieans  of  a  sharp  chisel,  and 
in  the  largest  pieces  we  can  possibly  breakoff ;  for  if  it  be 
in  small  molecides  it  inflames  in  the  air,  even  at  a  vcrv  low 
tempe'-aiure.  When  it  cannot  be  detached  in  large  pieces, 
it  must  be  kept  in  a  gas  deprived  of  oxygen,  or  in  napht!ia: 
it  uas  by  plunging  it  in  oil  that  I  extracted  it  from  the  gun- 
barrel. 

''We  also  find  in  the  gun-barrel  portions  of  amalgamated 
iron  and  potassium;  they  adhere  very  strongly  to  the  part  of 
the  gun- barrel  which  occupies  the  middle  of  the  funjaee  ; 
they  become  green  in  the  air,  and  are  easily  decomposed  ; 
the  potash  returns  in  a  very  short  time  to  its  first  state. 

*'  In  order  to  obtain  the  potassium  conveniently,  and  on  a 
large  scale,  we  must  procure  a  gun-barrel  of  a  large  diameter,  - 
which  must  be  heated  throughout  a  great  part  of  its  length, 
and  with  a  tube  at  its  extremity,  in  which  liquid  potash  is  kept. 
This  tube  must  be  disposed  in  such  a  manner  that  wc  uiay 
be  able  to  let  fall  whatever  quantity  of  oxide  of  liquid  potash 
we  please  3  and  wc   should   volatilize  it  before   putting  it  in 

contact 
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contact  with  the  iron  ;  we  should  place  another  gun-barrel, 
in  two  pieces,  at  the  extremity  of  the  former;  the  barrel 
composed  oi'  two  pieces  would  serve  as  a  refrigerant,  and 
could  be  opened  in  order  to  collect  ihe  metal." 

Mr.  Davy  informs  us  that  he  has  found  the  above  process 
to  answer  perfectly.  The  great  precaution  necessary  is,  that 
the  potash  should  be  as  dry  ai  possible.  The  metal  obtained 
is  rather  heavier  than  that  procured  by  electricity,  and  seems 
to  contain  a  little  iron  ;  but  is  proper  for  all  analytical  pur- 
poses ;  so  that  this  happy  experiment  of  the  French  che- 
mists puts  it  in  our  power  to  procure  potassium  in  consi- 
derable quantities. 

SUPPLYING  CITIES  WITH  WATER. 

An  abundant  supply  of  good  water  is  one  of  the  most  in- 
dispensable requisites  for  the  cleanliness  and  health  of  the 
inhabitants  of  large  towns.  Till  lately,  collections  of  spring 
water  have  been  preferred  for  the  purpose  of  supplying  towns 
by  means  of  pipes,  from  its  supposed  greater  purity.  But  ex- 
perience and  the  progress  of  science  have  proved  that  spring 
water  is  far  inferior  to  river  wate  ff>  this  purpose.  River 
water  contains  impurities  visible  to  the  eyes — spring  water 
cont/^ins  them  in  a  state  of  actual  solution,  and  therefore 
invisible.  From  the  former  the  impurities  will  separate 
themselves  almost  entirely,  by  rest  or  by  filtration;  from 
the  latter  they  cannot  be  separated  by  means  adapted  to  the 
demands  of  common  life. 

London,  which  is  extremely  healthy  for  its  size,  has  long 
been  supplied  with  river  water,  and  to  this,  more  than  to 
any  other  circumstance,  are  the  inhabitants  indebted  for  the 
health  they  enjoy,  though  few  of  them  ever  take  the  trouble 
to  filter  the  water  they  use,  even  for  culinary  purposes.  The 
city  of  Glasgow,  which,  till  lately,  had  no  supply  of  water 
but  from  wells*,  has  at  length   the  prospect   of  an   inex- 

•  Dr.  Urc,  of  Glnfgow,  has,  wc  iindtTPt.ind,  \iccn  lately  occupied  in  ana» 
lysing  the  wells  and  mineral  waters  iu  the  neighbourhood  of  that  ciry.  The 
former  have  been  found  to  contain  a  surprising  quantity  of  heterogeneous 
matters  in  solution.     Wc  hope  the  Doctor  will  publish  his  analyses. 

haustible 
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hausllble  supply  from  the  river  Clyde  by  means  of  pipes  and 
steam  engines.  Two  companies  have  embarked  in  similar 
undertakings.  One  of  them,  under  the  direction  of  Mr. 
Thomas  Telford,  civil  engineer,  undertakes  to  bring  in  a 
large  supply  from  the  eastward  of  the  town;  the  other,  un- 
der the  direction  of  Mr.  Robertson  Buchanan,  civil  engi- 
neer, to  bring  in  a  similar  supply  from  the  westward. 

Both  works  are  in  considerable  forwardness,  and  many 
houses  are  already  supplied  with  pipes  :  but  the  circumstance 
which  demands  most  attention  from  the  public,  and  which  is 
our  principal  reason  for  mentioning  these  undertakings,  is  the 
filtration  of  the  whole  supply  of  water,  by  means  of  reservoirs 
constructed  for  the  purpose.  This  salutary  process  is  effected 
by  making  the  water  filter  through  sand  and  gravel  from  the 
large  reservoir  into  which  it  is  first  elevated  by  the  steam 
engine,  into  a  second  reservoir  posited  a  little  lower,  aaid  from 
which  the  conveying-pipes  receive  their  supply. 

This  is  the  first  instance  we  believe  that  has  yet  occurred 
of  water  being  filtered  on  so  large  a  scale  ;  and  when  its  ad- 
vantages, not  only  to  the  health  of  the  inhabitants,  but  to 
bleachers,  dyers,  and  other  manufacturers,  are  duly  consi- 
dered, we  cannot  doubt  that  it  will  be  adopted  in  all  future 
undertakings  for  supplying  towns  with  water.  Hitherto  all 
branches  of  manufacture  connected  with  the  use  of  water 
have  been  obliged  to  be  carried  to  the  ivater,  and  the  neces- 
sary hands  along  wiili  them,  and  much  expense  for  carriaae 
and  extra  labour  has  been  added  to  the  price.  But,  should 
this  system  become  general,  manufactures  will  be  carried  on 
where  the  necessary  supply  of  labourers  can  be  most  easily 
procured,  and  the  goods  find  the  most  ready  market. 

We  believe  that  the  filtration  of  water  intended  for  public 
supply  was  first  practised  by  a  private  individual  at  Paisley. 
This  public-spirited  adventurer  was  amply  remunerated  for 
his  expenditure  j  and  we  cannot  doubt  that  similar  specula- 
tions on  a  larger  scale,  if  properly  conducted,  will  yield  aii 
ample  return  to  the  first  subscribers. — We  hope  the  example 
\*hich  has  thus  been  given  will  be  followed  by  public-spirited 
individuals  in  other  large  towns.     Its  benefits  would  soon 

be 
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be  felt,  and  it  would  yield  advantages  to  the  commuuity  m 

geucral  which  cannot  be  calcu'ated. 

ASTRONOMY. 

Elackhcath,  Oct.  M. 

Sir, — When  I  computed  the  ephemeris  of  Vesta,  which 
T  sent  to  yon  last  month,  I  had  not  at  that  time  reduced 
any  of  my  late  observations  ;  and  I  calculated  the  place  of 
the  planet,  irom  the  elements  obtained,  near  the  former 
opposition.  On  reducing  those  of  the  present  year,  I  found 
a  coLisiderable  change  in  the  place  of  the  node,  which  affect- 
ed the  latitude,  and  of  course  the  declination.  The  quantity 
of  this  change  1  cannot  at  present  ascertain  ;  but  having 
again  computed  the  ephemeris,  which  agrees  with  the  late 
observations;  and  also  laid  down  in  the  chart,  all  the  stars 
to  the  seventh  n)agnitudc  which  are  near  the  path  of  the 
planet,  (very  few  of  which  are  contained  in  any  catalogue,) 
the  place  of  the  object  may  be  very  readily  found,  by  those 
who  have  instruments  on  an  equatorial  stand. 

I  remain  your  obedient  servant, 

To  Mr.  Tilloch.  S.  GitooMBniDGu. 

Ephemeris  of  Vesta  ai  Midnight. 
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CoMF.T. — A  comet  has  for  some  time  been  visible  to  the 
naked  eve.  It  is  at  present  in  the  girdle  of  the  constellation 
Andromeda,  which  is  distinguished  by  three  stars  formiiig 
a  curve;  the  brightest  is  of  the  second  magnitude,  called 
Ivlirach,  the  other  two  of  the  third  ninguitnde;  if  an   ima- 

•nnaiv 
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ginary  line  be  drawn  from  Mirach  through  the  middle  star, 
and  continued  as  much  further  on  the  other  side,  it  will 
pass  over  the  comet.  It  appears  like  a  star  invested  with  a 
little  light  cloud  ;  about  half-past  seven,  it  is  4  5  degrees 
above  the  horizon,  over  the  cast  point  of  the  compass,  and 
passes  the  meridian  nearly  in  ze^iith  at  half-past  ten  at  night. 

LIST    OF    PATENTS    FOR    NEW   INVENTIONS. 

To  John  Warren,  of  the  town  and  county  6f  the  town  of 
Poole,  stonemason,  for  an  ai)paralus  to  prevent  chimneys^ 
from  smoking,  and  to  extinguish  fires  in  grates  and  stoves, 
without  making  any  dust  or  smoke  injurious  to  the  room  or 
furniture.     Sept.  15th,   1808. 

To  Edward  Masscv,  of  Newcastle,  in  the  countv  of  Staf- 
ford, clock-  and  watch-maker,  for  an  improved  cock  for 
drawing  off  liquors.     Sept.  24lh. 

To  Thomas  Paton,  of  the  parish  of  Christ  Church,  in  the 
county  of  Surry,  engineer,  for  an  improved  wheel  for  various 
useful  purposes.     Sept.  24th. 

To  Sebastian  Erard,  of  Great  Marlborough-strcet,  in  the 
county  of  Middlesex,  for  improvements  upon  piano  fortes, 
large  and  small,  and  upon  harps  ;  for  which  harps  he  has 
already  obtained  letters  patent.     Sept.  21. 

METEOROLOGr. 

A  number  of  the  provincial  newsj^apcrs  have  of  late* 
had  paragraphs  respecting  meteors.  On  comparins;  the 
accounts,  they  seem  all  to  refer  to  the  same  meteor,  seen 
at  places  very  remote  from  each  other,  and,  in  all^  at  nearly 
the  same  instant  of  time,  viz.  a  few  minutes  before  eioht 
o'clock  P.  M.  Monday  the  17th  of  October.  It  passed  in  a 
north-easterly  direction,  and  apparently  at  no  groat  altitude; 
but  its  real  altitude  must  have  been  inmiense,  or  it  would 
not  have  been  seen  in  so  many  remote  places  at  the  same 
instant — It  was  seen  as  far  north  as  Aberdeen,  and  as  u,t 
south  as  Hull.  Its  apparent  diameter  was  somc.vhat  less 
than  the  moon,  and  in  some  ])lace>^  it  seemed  to  havt-  a  tail 
throwing  off  coruscations  of  great  brilliancy.  It  diffused  a 
niost  vivid  pale  light,  and  was  visible  in  its  progress  for  a 
few  second<5. 

WETiCOEO- 
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meteorological  table, 

By  Mr.  Carey,  of  the  Strand, 
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XVr.   Observations  oji  Arch'ilecturc. 
To  Mr.  Tilloch. 

SIR, 

At  has  been  observed,  that  ^'  we  are  better  painters  and 
worse  architects  than  our  neighbours  the  French  :"  but  I 
presume,  tiiat,  of  bur  architectural  ability,  it  is  difficult  to 
form  adequate  notions  ;  because  in  England  many  of  the  best 
specimens  are  distributed  about  the  country,  and  ihere- 
tbre  too  far  removed  from  each  other  to  {orm  a  grand  whole  ; 
\vl>ereas  the  contrary  is  the  case  in  France.  There,  the -go«^ 
verument  does  every  thing,  and  the  individual  scarcely  any 
thing  ;  her  architecture  is  consequently  more  public.  Hence, 
perhaps,  it  is  that  those  who  visit  France,  and  compare  the 
talents  of  her  architects  with  our  own,  forget  the  praise 
which  is  due  to  England,  where  almost  every  thing  is  done 
by  the  individual,  and  coniparativcly  nothing  by  the  govern- 
ment. That  therefore  which  is  done  by  him  must  be  some- 
what limited  :  for  it  is  by  public  works  alone  that  real  splen- 
dour can  be  exhibited  in  architecture.  Its  operations  are  too 
expensive  for  individual  accomplishment,  and  of  course  be- 
yond the  roach  of  that  patronage  which  is,  and  has  been, 
extended  to  its  promotion  elsewhere.  Is  it  then  to  be  in- 
ferred, because  there  is  a  poverty  of  public  patronage,  that 
our  architects  want  taient?  Certainly  not  I — let  them  be 
sure  of  employ,  if  they  excel  in  taste,  and  no  comparison 
tending  to  raise  one  art  at  the  expense  of  another,  will  be 
regarded.  Whether  the  present  times,  which  are  warm  in 
the  patronage  of  painting,  will  give  rise  to  more  liberal  na- 
tions in  architecture,  cannot  yet  be  known;  but,  at  any  rate, 
there  will  be  found  no  want  of  talent  in  this  latter  branch  of 
art,  if  a  sufFscient  stimulus  arises  adequately  to  employ  it. 
But  our  neighbours  say,  that  "  we  have  no  taste  for  design  j" 
and  they  refer  our  supposed  want  of  it  to  national  causes. 
It  would  be  singular  indeed  if  uc,  who  excel  in  poetry,  in 
fainting,  and  in  sculpture,  (who  even  equal  the  antients  in 
these  art?,  if  originality  be  admitted  as  the  claim  to  equa- 
lity|i).  should  in  design  be  defective  : — It  will  naturally  be 
asked.  Does  it  require  more  abilities  to  excel  in  design,  than 
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m  the  practice  of  the  other  arts  ?^— No  !  the  greatest  prtj- 
fessors  of  them  all  have  heen  also  the  greatest  dtsigners^ 
Is  it  not  then  fair  to  infer,  that  they  who  have  excelled  in  iht 
one  \\t)uld  hkewise  excel  in  the  other  if  equally  employed  ? 

K  these  assumptions  be  admitted,  the  conclusion  iff, 
that  our  supposed  inferiority  in  this  art  is  not  to  be  at- 
tributed to  "  national  causes,"  or  to  "  want  of  talent,"  but 
to  the  absence  of  national  discernment,  v.'hich  creates  dis- 
gust, and  neglects  to  distinguish  tlwse  who  by  iheir  taste 
deserve  public  patronage.  The  French  excel  us  in  this 
discernment  (if  any  judgement  can  be  justly  formed  of  their 
new  buildings);  and  this  assertion  will  be  borne  out  by  all 
■who  have  had  an  opportunity  of  viewing  their  capital  during 
the  peace  of  Amiens.  A  Gallery-advocate  may  perhaps 
answer,  ''And  do  not  our  nobility,  to  whom  the  aria  alone 
can-  look  for  patronage,  extend  it  liberally  i  Have  they  not 
establii'hcd  a  British  Institution  ;  and  do  they  not  by  their 
jimnirtcence  add  a  real  value  to  its  establishment,  by  select* 
jng  and  purchasing  the  best  performances  that  are  therein 
exhibited  ?"  Granted  :— But  this  has  advanced  one  or  two 
branches  of  art  only  ;  and  has  left  the  architect,  whose  ad- 
vancement forms  the  purpose  of  this  paper^  in  a  stale  of 
total  neglect.  No  refleetion  can  attach  to  the  institution: 
it  has  done  immense  service  to  the  arts  ;  and  it  is  onlv  re- 
gretted, that,  from  the  knowi>  liberality  of  its  promoters, 
they  should  not  have  adopted  sonic  mode  of  giving^  equal 
encouragement  to  architecture. 

At  Athens,  the  birth-place  of  the  arl9,  a-rchitccture  stood 
tlie^r.-;^  in  importance,  as  it  did  in  perfection  and  glory  : — to 
expect  Athenian  encouragement  in  England  may  appear  vain; 
but  it  is  a  species  of  vanity  which  some  have  chfeirished,  and 
many  expected  to  realize  when  that  noble  establi^Jiment  was 
first  formed. — The  beauties  of  this  art  are  not  confined  to  the 
operations  ot  the  mere  rule  and  comjiass,  as  some  have  ima- 
gined ;  nor  are  her  greatest  attributes,  the  orders,  formed  to 
arbitrary  proportions,  as  some  have  asserted.  It  would  b« 
difficult  indeed  to/ix  on  what  those  proportions  consisted  j  for 
in  all  the  remains  of  antiquity  no  two  arc  found  to  be  exactly 
-:imi!ar ;  the  required  purpose  alone  directed  the  architect  ia 
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the  choice  of  his  column.  At  Athens,  for  instance,  the 
columns  of  the  P;irthenon,  of  Minerva,  and  of  Theseus,  all 
differ,  though  the  attributes  of  the  several  classes  remain  : 
and  the  same  may  he  observed  of  other  remains.  At  the 
restoration  of  the  art,.  Italy  abounded  in  splendid  relics, 
which  furnished  the  restorers  with  models  ;  hence  arose  the 
notions  of  seven,  eight,  and  nine  diameters  to  express  the 
proportions  of  ihe  several  orders,  Doric,  Ionic,  and  Co- 
rinthian; which,  having  been  published,  spread  soon  through 
the  other  nations  of  Christendom.  Now,  as  it  fell  to  the 
lot  of  more  persons  to  sec  the  copies  than  the  originals,  that 
proportion  was  received  for  certam,  which  had  been  adapted 
for  convenience  only.  From  such  copies  have  all  the  arbitrary 
notions  concerning  architecture  been  derived.  Books  after 
-books*,  with  various  higii-sounding  titles,  had  issued  from 
the  pre?s,  all  setting  forth  the  boasted  proportions:  hence 
the  principles  of  the  art  became  degraded  to  a  mere  under- 
standing of  the  division  of  the  parts  ;  and  in  this  state  it  rer 
mained  till  travel  and  study  developed  the  source  from 
which  antient  architecture  emanated.  And  let  it  ever  he 
recorded  to  the  honour  of  the  society  called  Dileftanto,  and 
to  their  travellers  Stuart  and  Reveley,  that  to  them  England, 
nay  Europe,  is  indebted  for  the  genuine  representation 
of  Grecian  architecture.  However  glorious  for  the  art  the 
disclosure  of  the  Grecian  remains  might  have  been,  some, 
bigoted  to  the  Roman  manner,  vented  their  zeal  bv  denying 
their  accuracy  :  but  as  truth  and  beauty  are  superior  to  error 
and  dtforn)iiy,  so  have  they  risen  above  the  prejudice  of 
their  opponenls. 

In  England,  every  thing  is  said  to  be  a  speculation  ;  and 
with  respect  to  the  arts,  in  general,  it  has  in  trutli  been  too 
much  so :  by  the  prevalence  of  this  spirit  they  have  suf- 
fered even  more  than  by  caprice.  Speculation  has  made 
many  of  their  professors  intent  more  upon  riches  than  emi- 
nence. The  glory  of  their  art  has  been  thus  perverted,  and 
its  legitimate  purpose  prostituted  ;  nor  has  architecture  suf- 

*  «  Were  a  modern  architect,"  says  Hogarth,  «<  to  build  a  palace  in  Lap- 
land,  or  the  West  Indies,  Palladio  must  be  his  guide  ;  nor  would  he  dare  to 
stir  a  step  without  his  book." 
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fered  less  than  the  sister  arts.    Such  has  been  the  perversion 
in  this  art,   to  wliir.h  its  professors  have  contributed  largely, 
that  our  vjlias,  ma-isions,  ccc,  have  been  nietaniorj:>ho5cd  ; 
and,  in  too  niaiiy  instances,   colunnis  have  been  dismantled 
nnd   entabliiturcs  o\'crthro\vn,  to   be  replaced   by  a  battle- 
mented  porch,   a  tower,  or  some  other  device  from  a  Gothic 
modcL     By    this   dtr-nion  of  innovation   have  some  of  our 
m'o&l   regular  siructures   been  destroyed ;  and   others  con- 
trjvue:to  be  destroyed,  to  place  in  their  stead  a  melange  style, 
adnpCcd  iV.iiher  to  give  comfort  nor  eZf£;;'a/7C6' to  the  habitation 
»f'ma/i.   That  such  a  fa5hion  should  obtain  a  fooling  in  our 
inland  at  the  present  pcriotl  of  mental    improvement,  is  not 
to  be  accouiited  for  upon  ihe  common  principles  of  human 
iTieaburement.,'    1"hat  our   noLiliiy,    who    affect    to    admire 
jevery  thinn-  that  is  Grecian,  should,  instead  of  encouraging 
i^Jas-sic    architecture,     surrouixl    themselves    witb   pinnacles 
♦riTd' sUiiiied  glass,  the   cn^biems   of  superstition   and   igno- 
•rancJe,.  (and  with  these,  tor),  of  the  most  stupid'  and  clumsy 
kiviliition,  vviilidut'-pi-pten&ion  to  the  character  or  chastencss 
4if  the  origteall)) -"Vvin-  be   viewed,  it  is   to  be  hoped,  witli 
iastonishuien't  valt  •a^period  not  very  remote.     Good  taste  has 
ils':fV)undatioii'in  good  sense;  bu-t  there  is  not  mnch  of  either 
in  giving  to  a   modern  genllcm'an's  residence   the   form   of 
iia  abhcv  (;r  of  a  civStlti  : — fitness   should  be  the  end;  but 
this'-practice   standi'  apposed  to  it,  for   that  cannot  be  fil- 
jslcss  .which  erects   towers  and  constructs  forts,  where  nei- 
ther, protection  nor  observation  are  necessarv  or  anticipated. 
A  statistical  writer,    speaking  of    ibis   practice,    savs,    he 
**  would  suggest  the  impropriety  of  making  a  house  or  anv 
cher  object  bear  an  outward  appearance  intended  to  contra- 
dict  its  inward  use;  al!  castellated  or  gothiciscd  houses,  al! 
church-like  barns,  pr  fort-like  pig-styes,  he   should   con- 
ceive to  be  objceti?)t\yible ;  they  are  intended  to  deceive,  and 
they  tell  you  that  they  are  intended  to  deceive."     It  is  from 
such  practice  as  this-,  svithotit  jirinciples,  and  conscfjuently 
capricious,  that  architecture   has  fallen,  not  only   in  con>- 
parison  with  the  sister  arts,  but  likewise   in   public  estima- 
t(o"n  ;  anil   it   will  continue  so  to  dc^  until  its  professors  aim- 
at  a  reputation  more  lasting  than  can   be   obtained  by  such 
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inconsistencies.  It  is  seriously  to  he  hoped,  as  research  has 
developed  ahuiidant  examples  oi"  aniient  ait,  tliat  tho-se  ex- 
amples which  contain  what  is  useful,  chaste,  and  elegant, 
will  prevail  amons;  a  people  not  less  distinguished  for  their 
taste  than  tiicir  erudiiion  ;  antl  that  the  architect,  true  to  the 
genuine  purp')se  ol"  his  art,  will  consider  an  Hercnlaireum 
and  a  Pompeii  as  containing  stores  whereby  his  reputation 
niay  he  raised  on  surer  ground,  than  on  the  imitation  of 
iorts  and  towers. 

J.  R. 


XVI  r.  The  Bdherian  Lf'cture,  on  some  vcw  Plicenomcva  of 
C/iemical  Changes  produced  iij  Electricity,  particrilarhj 
the  Decomposition  of  the  fixed  Alkalis,  and  the  Exhibition 
of  the  new  Substances  which  cofistitutc  their  Bases;  and 
on  the  general  Nature  ofalhaline  Bodies.  By  Humphry 
Dawy^  Esq.,  Sec.  R.S.  M.R.I.A. 

[Coiitiinicd  from  p.  18.] 

V.   On  the  Properties  and  Nature  of  the  Basi<;  of  Soda. 

J.  HE  basis  of  soda,  as  I  have  already  nirmioned,  is  a  solid 
at  common  temperatures.  It  is  white,  opaque,  and  u  hen 
examined  under  a  film  of  naphtha  has  the  lustre  and  gene- 
ral appearance  of  silver.  It  is  exceedingly  niiilleable,  and  is 
much  softer  than  any  of  the  common  metallic  substances. 
When  pressed  upon  bv  a  platina  blade,  \\'\\h  a  small  force, 
it  spreads  into  thin  leaves,  and  a  globule  of  the  -.^th  or  -^-^'di 
of  an  inch  in  diameter  is  easily  spread  over  a  surface  of  a 
quarter  of  an  inch  *j  and  this  prOj:>€rty  does  not  diminish 
when  it  is  cooled  to  32*^  Fahrenheit, 

It  conducts  electricity  and  heat  in  a  similar  manner  to  llie 
basis  of  potash;  and  sm,a!i  gloliulcs  of  it  ii-itlame  by  the 
voltaic  electrical  spark,  and  burn  witl;  brioht  explosions. 

Its  specilic  gravity  is  less  than  that  of  v.ater.  It  swim.^ 
ill  oil  of  sassafras  of  rOQ'J,  water   b^-ing  one,  and  sinks  in 

*  Globules  may  be  easily  made  to  adliero  ana  fr-rm  or.e  mass  bv  strong; 
pressure  :  so  that  the  property  of  welding;,  which  belongs  to  iron  and  p!  iiina 
aft  a  white  heat  ouly,  is  possessed  by  this  substance  at  coranion  temperaiiirek 
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naphtha  of  speciilc  gravity  'SQ\.  This  circuinstanci.'  miableJ 
rjie  to  ascertain  the  point  with  precision.  1  mixed  together 
oil  of  sassafras  aiv-l  naphtha,  which  combine  very  perfectly, 
observing  the  proportions  till  I  had  composed  a  fluid,  in 
which  it  remained  at  rest  above  or  below  ;  and  this  fluid 
consisted  of  nearly  twelve  parts  naphlha,  and  five  of  oil  of 
sassifras,  which  gives  a  specilic  gravity  to  that  of  water, 
nearly  as  nme  to  ten,  or  more  accurately  as  "9348  to  1. 

The  basis  of  soda  has  a  much  higher  point  of  fusion  than 
the  basis  (jf  potash  ;  its  parts  begin  to  lose  their  cohesion  at 
about  li20^  Fahrenheit,  and  it  is  a  perfect  fluid  at  about  180', 
so  that  it  reailily  fuses  under  boiling  naphtha. 

I  have  not  yet  been  able  to  ascertain  at  what  degree  of  heat 
it  is  volatile;  but  it  remains  fixed  in  a  state  of  ignition  at 
the  point  of  fusion  of  plate  glass. 

The  chemical  phenomena  produced  by  the  basis  of  soda, 
^re  analogous  to  those  produced  by  the  basis  of  potash;  but 
with  such  characteristic  differences  as  might  be  well  expected. 

When  the  basis  of  soda  is  exposed  to  the  atmosphere,  it 
immediately  tarnishes,  and  by  degrees  becomes  covered  with 
a  white  crust,  which  deliquesces  much  more  slowly  tha'.i 
the  substance  which  forms  on  the  basis  of  potash.  It  proves, 
on  minute  examination,  to  be  pure  soda. 

The  basis  of  soda  combines  with  oxygen  slowly,  and 
without  luminous  appearance  at  all  common  temperatures; 
and  when  heated,  this  combination  bcconies  more  rapid ; 
but  no  light  is  emitted  till  it  has  acquired  a  temperature 
nearly  that  of  ignition. 

The  flame  that  it  produces  in  oxygen  gas  is  white,  and  it 
send?  forth  bright  sjiarks,  occasioning  a  very  beautiful  effect ; 
in  common  air,  it  burns  with  light  of  the  colour  of  that 
produced  during  the  combustion  of  charcoal,  but  much 
brighter. 

'Fhe  basis  of  soda  when  hcatid  in  hydrogen  seemed  to 
have  no  action  \ipon  it.  When  introduced  into  oxynmriatic 
acid  gas,  it  burnt  vividly  with  nmnerous  scintillan()ns  of  a 
bright  red  colour.  Saline  mailer  was  formed  in  this  com- 
bustion, which,  as  might  Inve  been  expected,  proved  to  be- 
Ciuriale  of  soda. 
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Jts  operation  upon  water  offers  most  satisfactory  evidence 
©fits  nature.  When  thrown  upon  this  fluid,  it  produces  a 
violent  effervescence,  with  a  loud  hissing  noise;  it  combines 
with  the  oxygen  of  the  water  to  form  soda,  which  is  dis- 
solved^ and  its  hydrogen  is  disengaged.  In  this  operation 
there  is  no  luminous  appearance  ;  and  it  seems  probable  that 
even  in  the  nascent  state  hydrogen  is  incapable  of  combining 
with  it*. 

When  the  basis  of  soda  is  thrown  into  hot  water,  the  de- 
composition is  more  violent,  and  in  this  case  a  few  scintil- 
lations are  generally  observed  at  the  surface  of  the  fluid;  but 
this  is  owing  to  small  particles  of  the  basis,  which  are 
thrown  out  of  the  water  sufficiently  heated,  to  burn  in  pass- 
ing through  the  atmosphere.  When,  however,  a  globule  i» 
brought  in  contact  with  a  small  particle  of  water,  or  with 
moistened  paper,  the  heat  produced  (there  being  no  medium 
to  carry  it  ofj'  rapidly)  is  usually  sufficient  for  tlxj  accension 
of  the  basis. 

The  basis  of  soda  acts  upon  alcohol  and  ether  precisely  in 
a  similar  manner  witii  the  basis  of  potash.  The  water  that 
they  contain  is  decomposed ;  soda  is  rapidly  formed,  and 
hydrogen  disengaged. 

The  basis  of  soda,  when  thrown  upon  the  strong  acids, 
acts  upon  them  with  great  energy.  When  nitrous  acid  is 
employed,  a  vivid  inflammation  is  produced;  with  n)uriatic 
and  sulphuric  acid,  there  is  much  heat  generated,  but  no 
light. 

When  plunged,  by  proper  means,  beneath  the  surface  of 
the  acids,  it  is  rapidly  oxygenated;  soda  is  produced,  and 
the  other  educts  are  similar  to  those  generate-'.!  by  the  action 
of  the  basis  of  potash. 

With  respect  to  the  fixed  and  volatile  oils  and  naphtha  in 
their  diflerent  states,  there  is  a  perfect  coincidence  between 
the  effects  of  t}ie  two  new  substances,  except  in  the  dif- 
ference of  the  appearances  of  the  saponaceous  compounds 
formed  :  those   produced  by  the  oxidation  and"  combination 

*  The  more  volatile  metals  only  seem  capable  of  uniting  with  hydrogen  ;  a 
fircumstance  preicnting  an  analogy. 
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of  the  basis  of  soda  being  of  a  darlcer  colour,  and  apparently 
less  soluble. 

The  basis  of  soda,  in  its  degrees  of  oxidation,  has  pre- 
cisely similar  habits  with  the  basis  of  potash. 

When  it  is  fused  with  dry  soda,  in  certain  quantities, 
there  is  a  division  of  oxygen  between  the  alkali  and  the  base  ; 
and  a  deep  brown  fluid  is  produced,  which  become?  a  dark 
gray  solid  on  cooling,  aiul  wluch  attracts  oxvgen  from  the 
air,  or  which  decomposes  water,  and  becomes  soda. 

The  same  body  is  often  formed  in  the  analytical  prvicesses 
of  decomposition,  and  it  is  generated  when  the  basis  of  soda 
is  fused  in  tubes  of  the  purest  plate  glass. 

There  is  scarcely  any  difference  in  the  visible  phenomena 
of  the  agencies  of  the  basis  of  soda,  and  that  of  potash  on 
sulphur,  phosphorus,  and  the  metals. 

It  combines  with  sulphur  in  close  vessels  filled  with  the 
vapour  of  naphtha  with  great  vividness,  with  light,  heat, 
and  often  with  explosion  from  the  vaporization  of  a  por- 
tion of  sulphur,  and  the  disengageiTient  of  sulphuretted  hy- 
drogen gas.  The  sulphuretted  basis  of  soda  is  of  a  deep  gray 
colour. 

The  phosphuret  has  the  appearance  of  lead,  and  forms 
phosphate  of  soda  by  exposure  to  air,  or  by  combustion. 

The  basis  of  soda  in  the  quantity  of  ^'q-,  renders  mercury 
a  fixed  solid  of  the  colour  of  silver,  and  the  combination  is 
attended  with  a  considerable  degree  of  heat. 

It  makes  an  alloy  with  tin,  without  changing  its  colour, 
and  it  acts  upon  lead  and  gold  when  heated.  I  have  not 
examined  its  habitudes  with  any  other  metals,  but  in  its 
State  oi"  alloy  it  is  soon  converted  into  soda  by  exposure  to 
air,  or  by  the  action  of  water,  which  it  deconiposcs  with  the 
evolution  of  hydrogen. 

The  amalgam  of  mercurv  and  the  basis  of  soda  seems  to 
form  triple  compounds  with  other  metals,  f  have  tried  iron 
and  platina,  which  I  am  inclined  to  believe  rcn)ain  in  com- 
bination with  the  mercury,  when  it  is  deprived  of  the  new 
substance  by  exposure  to  air. 

The  amalgam  of  the   basis  of  soda  m\i\  mercury  likewise 
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combines  with   sulphur,   and  forms  a  triple  compound  of  a 
dark  gray  colour. 

yr.   On  the  Proportions  of  the  peciiUar  Bases  and  Oxygen  in. 
Potash  and  Soda. 

The  facility  of  combustion  of  the  bases  of  the  alkalis,  and 
the  readiness  with  which  they  decomposed  water,  offL-red 
means  fully  adequate  for  determining  the  proportions  of  their 
ponderable  constituent  parts. 

I  shall  mention  the  general  methods  of  the  experiments, 
and  the  results  obtained  by  the  difierent  series,  which  ap- 
proach as  near  to  each  other  as  can  be  expected  in  operations 
performed  on  such  small  quantities  of  materials. 

For  the  process  in  oxygen  gas,  I  employed  glass  tubes 
containing  small  trays  made  of  thin  leaves  of  silver  or  other 
noble  metals,  on  which  the  substance  to  be  burnt,  after 
being  accurately  weighed  or  compared  with  a  globule  of 
mercury,  equal  in  size*,  was  placed  ;  the  tube  was  sniall  at 
Diie  end,  curved,  and  brought  to  a  fine  point,  but  suffered 
to  remain  open  ;  and  ihe  other  end  was  fitted  to  a  tube  com- 
municating with  a  gasometer,  from  which  the  oxygen  gas 
was  introduced,  for  neither  water  nor  mercury  could  be 
used  for  filling  the  apparatus.  The  oxygen  gas  was  carried 
through  the  tube  till  it  was  found  that  the  whole  of  the  com- 
mon air  was  expelled.  Tlie  degree  of  its  purity  was  ascer- 
tained by  suffering  a  small  quantity  to  pass'  into  the  mer- 
curial apparatus.  The  lower  orifice  was  then  hermetically 
sealed  by  a  spirit  lamp,  and  the  upper  part  drawn  out  and 
finally  closed,  when  the  aperture  was  so  small,  as  to  render 
the  temperature  employed  incapable  of  materially  influencinp' 
the  volume  of  the  gas;  and  when  the  whole  arranaement 
was  made,  the  combination  was  effected  by  applying  iieaL  to 
the  glass  in  contact  with  the  meiallic  tray. 

In   performing   these  experiments  many   dilTieulties   oc- 

*  When  tlie  globules  were  very  small,  the  comparison  with  mercurj'-, 
which  may  be  quickly  made  by  means  of  a  micrometer,  was  generally  em- 
ployed as  the  means  of  ascertaining  the  weight  :  for  in  tliis  case  the  globule 
could  be  immediately  introduced  iiitu  the  ti.be,  a»id  the  weight  of  mercu.y 
ascertained  at  leisure. 
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currcd.  When  the  flame  of  the  la^np  was  immediately 
brniight  to  play  upon  the  gia^s,  the  combustion  was  very 
vivid,  so  as  soriieiimcs  to  break  the  tube ;  and  the  alkali  ge- 
nerated partly  rose  ia  white  funic?,  which  were  deposited 
upon  the  ulass. 

When  the  teiiipcraiure  was  slowly  raised,  the  bases  of  the 
alkalis  acted  uj:ion  the  metalhc  tray  and  formed  alloys,  and 
in  this  state  it  was  very  diflieult  to  combine  them  with  their 
full  proportion  of  oxygen  ;  and  glass  alone  could  not  be 
employed  on  account  of  its  decomposition  by  the  alkaline 
bases  J  and  porcelain  is  so  bad  a  conductor  of  heat,  that  it 
was  not  possible  to  raise  it  to  the  point  required  for  the  pro- 
cess, without  softening  the  glass. 

In  all  cases  the  globules  of  the  alkaline  bases  were  care- 
'  fully  freed  from  naphtha  before  they  were  introduced;  of 
course  a  slight  crust  of  alkali  was"  formed  before  the  com- 
bustion, but  this  could  not  materially  affect  the  result ;  and 
when  such  a  precaution  was  not  used,  an  explosion  gene- 
rally took  place  from  the  vaporization  and  decomposition  of 
the  film  of  naphtha  surrounding  the  globule. 

After  the  combustion,  the  absorption  of  gas  was  ascer- 
tained, by  ojiening  the  lower  point  of  the  tube  under  water 
or  mercury.  In  some  cases  the  purity  of  the  residual  air 
was  ascertained,  in  others  the  alkali  formed  in  the  tray  was 
weighed. 

From  several  experiments  on  the  synthesis  of  potash  by 
combustion,  I  shall  select  two,  which  were  m^'^t^wilh  every 
possible  attention  to  accuracy,  and  under  favourable  eircuni" 
Stances,  for  a  mean  result. 

In  the  first  experiment  0'12  grains  of  the  basis  were  en)- 
ployed.  The  combustitm  was  made  upon  platina,  and  was 
rapid  and  complete  ;  and  the  basis  ajipeared  to  be  perfectly 
saturated,  as  no  disengagement  of  hydroaen  took  place  when 
the  platina  traj-  was  thrown  into  water.  The  oxygen  sxas 
jibsorbed  equalled  in  volume  1()0  grain  measures  of  quick- 
silver ;  barometer  being  at  20*6  inches,  thermometer  C'S'* 
Fahrenheit  ;  and  this  reduced  to  a  temperature  of  60'  Fahr- 
enheit, and  under  a  pressure  equal  lo  that  indicated   by  30 
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inches*,  woul.I  become  \SG'C)1  measures,  the  weight  of 
U'hicli  would  be  about  -0181  grains  troy  t,  but '01 84  :  '1384: : 
13-29  :  100;  and  according  lo  this  estimation  100  parts  ot" 
potash  will  consist  of  80*7  basis,  and  13-3  oxvgen  nearly. 

In  the  second  experiment  *07  grains  of  tlie  basis  absorbed 
at  temperature  63°  of  Fahrenheit,  and  under  pressure  equal 
to  30- 1  barometer  inches,  a  quantity  of  oxvgen  equal  in 
vokime  to  121  grain  measures  of  mercury,  anrl  the  proper 
corrections  being  made  as  in  the  former  case,  this  gas  would 
weigh  -01189  grains. 

But  as  -07  +  -01189  =  -08189:07  ;  :  100:85-48  nearly, 
and  100  parts  of  potash  will  consist  of  S^-5  of  basis  and 
14-5  of  oxygen  nearly.  And  the  mean  of  the  two  experi- 
ments will  be  86-1  of  basis  to  13-9  of  oxygen  for  luo  parts. 

In  the  most  accurate  experiment- that  i  niade  on  the  com- 
bustion of  the  basis  of  soda  -08  parts  of  the  basis  absorbed 
1^  quantity  of  oxygen  equal  to  20(5  grain  measures  of  mer-p 
cury  ;  the  thermometer  being  at  5^^  Fahrenheit ;  and  the 
barometer  at  29-4  ;  and  this  quantity,  tiie  corrections  being 
^lade  as  before  for  the  mean  temperature  and  pressure, 
equals  about  -02  grains  of  oxygen. 

And  as  '08  +  -02  =  -10;  -08,  :  :  100  :  80,  and  100  part* 
of  soda  according  to  this  tstimation  will  consist  of  80  basis 
to  20  of  oxygen. 

In  all  cases  of  slow  conibustion,  in  which  tlic  alkalis  were 
not  carried  out  of  the  tray,  I  found  a  considerable  increase 
of  weight ;  but  as  it  was  impossible  to  weigh  them  except  in 
the  atmosphere,  the  moisture  attracted  rendered  the  results 
doubtful;  and  tlic  proportions  fron)  the  weight  of  the  oxy- 
gen absorbed  arc  more  to  be  depended  on.  In  the  experi- 
ments in  which  the  processes  of  weighing  were  most  speedi- 

*  In  the  correction  for  tcmperaturr,  thp  estimations  of  Dalton  and  Gay 
I^ussac  are  lake.i,  which  make  gases  expand  about  -J,;  of  the  primitive  vo- 
lume for  every  degree  of  Fahrenheit. 

\  From  experiments  that  I  made  in  1799,  on  the  speciilc  gravity  of  oxyge« 
g-a*,  it  v.ould  appear  that  its  weight  is  to  that  of  water  as  1  to  748,  and  ta, 
that  of  quicksilver  as  1  to  10142.  Researches  Chem.  and  Phil.  p.  9 ;  and  with 
this  estimation,  that  deducible  from  the  late  accurate  resean^ies  of  Messrs, 
Allen  and  Pepys  on  the  Conbustion  of  the  Diai;:  ;-i:J  ahno=t  preciiely  a^rrcej, 
Phil,  'iians.  Ib07,  p.  275. 
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ly  performed,  and  in  which  no  alkaH  adlirred  to  llie  tube, 
the  basis  of  potash  gained  ncnrlv  tuo  parts  for  ten,  and  that 
of  soda  between  three  and  fo>ir  parts. 

The  resuhs  of  the  decomposition  of  water  bv  the  ba.'^e?  of 
the  alkahs  were  much  njoie  readily  and  perletlly  oblainjd 
than  those  of  their  combustion. 

To  check  the  rapidity  of  the  process,  and,  in  the  case  of 
potash,  to  prevent  any  of  the  basis  from  being  dissolved,  I 
employed  tiie  amalgams  v\ith  mercury.  I  used  a  known 
weight  of  the  bases,  and  made  the  amalgams  under  naph- 
tha, usmg  about  two  parls  of  mercury  in  volume  to  one  of 
basis. 

In  the  first  instances  I  placed  the  amalgams  under  tubes 
filled  with  naphtha,  and  inverted  in  glasses  of  nai:)htha,  and 
slowly  admitted  water  to  the  amalgam  at  the  bottom  of  the 
glass  ;  but  this  precaution  I  soon  found  unnecessary,  for  the 
action  of  the  water  was  not  so  intense  but  that  the  hydrogen 
gas  could  be  wholly  collected. 

I  shall  give  an  account  of  the  most  accurate  experiments 
made  on  the  decomposition  of  water  by  the  bases  of  potash 
and  soda. 

In  an  experiment  on  the  basis  of  potash  conducted  with 
every  attention  that  I  could  pay  to  the  minutiae  of  the  ope- 
rations, hydrogen  gas,  equal  in  volume  to  SQS  grains  of 
mercury,  were  disengaged  by  the  action  of  '03  grains  of  the 
basis  of  potash  which  had  been  amalgamated  with  about 
three  grains  of  mercury.  The  thermometer  at  the  end  of 
the  process  indicated  a  temperature  of  5Q^  Fahrenheit,  and 
the  barometer  an  atmospheric  pressure  equal  to  09"()  inches. 

Now  this  quantity  of  hydrogen*  would  require  for  its 
combustion  a  volume  of  oxygen  gas  about  equal  to  that  oc- 
cupied by  154'9  grains  of  mercury,  which  gives  the  weight 
of  ox\gen  required  to  saturate  the  'OS  grains  of  the  basis  of 
potash  at  the  mean  temperature  and  pressure  nearly  '0151 
grains.  And  -OS  +  '01  51  =  -OiJ^l  :  -OS  :  :  100:  Sfl  nearly. 
And  according  to  thrse  indications  100  parls  of  potash 
ponsist  of  about  84  basis  and  \6  oxvgcn. 

*  Researches  Clicm.  an<i  Phil,  page  CS7. 
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In  an  experiment  on  the  decomposition  of  water  by  the 
basis  of  soda,  the  mercury  in  the  barometer  standing  at 
30*4  inches,  and  in  the  thermometer  at  52^  Fahrenheit,  the 
vohnne  of  hydrogen  gas  evolved  by  the  action  of  '054  grains 
of  basis  equalled  that  of  326  grains  of  quicksilver.  Now 
this  at  the  mean  temperature  and  pressure  would  require  for 
its  conversion  into  water,  '0172  of  oxygen,  and  '054  + 
•0172  =  -0712  :  -034  :  :  100  :  76  nearly  ;  and  according  to 
these  indications,  100  parts  of  soda  consist  of  nearly  76 
Uasis,  and  24  o.xygcn. 

"  Tn  another  experiment  made  with  very  gfcat  care,  '052  of 
the  basis  of  soda  were  used;  the  mercury  in  the  barometer 
was  at  29*9  inches,  and  that  in  the  thermometer  at  58^  Fah- 
n.-nhcit.  The  volume  of  hydrogen  evolved  was  equal  to  that 
of  302  grains  of  mercury  ;  which  would  demand  for  its  sa- 
turation by  combustion,  at  the  mean  fc-mperature  and  pres- 
sure, '01549  grains  of  oxygen  ;  anti  100  parts  of  soda,  ac- 
cording to  this  proportion,  would  consist  nearly  of  77  basis, 
and  23  oxygen. 

The  experiments  whicli  have  been  just  detailed,  are  those 
in  which  the  largest  quantities  of  materials  were  employed  j 
I  have  compared  their  results,  hou'ever,  with  the  results  of 
several  others,  in  which  the  decomposition  of  water  was 
perform.ed  with  great  care,  but  in  which  the  proportion  of 
tlie  bases  was  still  more  minute:  the  largest  quantity  of  ox- 
ygen indicated  by  these  experiments  was,  for  potash  17,  and- 
for  soda  26  j)arts  in  100,  and  the  smallest  13,  and  19;  and 
comparing  ail  the  estimations,  it  will  probably  be  a  good 
approximation  to  the  truth,  to  consider  potash  as  composed 
of  about  six  parts  b^isis  and  one  of  oxygen  j  and  soda,  as 
consisting  ol*  seven  ba^is  and  tv/o  oxygen. 

VH.  Some  genei-al  Obiervatlon'^on  the  Beta t ions  of  the  Buses 
of  Potash  and  Soda  to  other  Bodies. 
Should   the  bases  of  pf>tasb   and   soda  be  called  metals  ? 
The  greater  number  of  philosophical  persons  to  whom  thi:^ 
question  has  been   put,  have  answered   in   the  affirmative. 
They  aiiree  with  metals  in  opacity,  lustre,  malleability,  con- 
ducting 
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ducting  powers  as  to  heat  and  eleclvicliy,  and  in  tiieir  quali- 
ties o[' chemical  combination* 

Their  low  specific  gravity  does  not  appear  a  sufficient  rea* 
son  for  making  them  a  new  class ;  for  amongst  the  metals 
themselves  there  are  remarkable  differences  in  this  respect, 
platina  being  nearly  four  times  as  heavy  as  tellurium*;  and 
in  the  philosophical  division  of  the  classes  of  bodies,  tlic 
analog)  between  the  greater  number  of  properties  mu^t  al« 
ways  be  the  foundation  of  arrangement. 

On  this  idea,  in  naming  the  bases  of  potash  and  soda,  it 
will  be  proper  to  adopt  the  termination  which,  by  common 
consent,  has  been  applied  to  other  newly  discovered  metals» 
and  which,  though  orig.ually  Latin,  is  now  naturalized  in 
our  language. 

Potasluin  and  sodium  are  the  names  by  which  I  have  ven- 
tured to  call  the  two  new  substances  :  and  whatever  changes 
of  theory,  with  regard  to  the  composition  of  bodies,  may 
hereafter  take  place,  these  terms  can  scarcely  express  an 
error;  for  they  maybe  considered  as  iinplying  simply  the 
metals  produced  from  potash  and  soda.  I  have  consulted 
with  many  of  the  most  eminent  seientific  persons  in  this 
country,  upon  the  methods  of  derivation,  and  the  one  I 
have  adopted  has  been  the  one  most  generally  approved.  It 
is  perhaps  more  significant  than  elegant.  But  it  was  not 
possible  to  found  names  upon  specific  properties  not  com- 
mon to  both  ;  and  though  a  name  for  the  basis  of  soda  might 
have  been  borrowed  from  the  Creek,  yet  an  analogous  one 
could  not  have  been  applie<l  to  that  of  potasii,  for  the  an- 
tients  do  not  seem  to  have  diblinguished  bctweeai  the  two 
alkalis. 

The  more  caution  h  necessary  in  avoiding  any  theoretical 
expression  in  the  terms,  because  tiic  new  eleeiro-ehemieal 
phainomena   that  are  dally  bcconang  disclosed,  seem  di- 

*  Tellurium  is  r.ot  niuch  more  th.m  ?.\ii.  time?  a?  heavy  n?  the  br.sis  of  soda. 
Then;  if  great  rc:ison  to  believe  that  Imdics  of  a  similar  c!,ci;iic:il  niuurc  lo 
the  bases  of  potash  and  soda  will  be  found  of  iiiteriviediate  specific  gravities 
between  them  and  the  ll;riir<>i;t  of  the  coinnaon  metals.  Of  thii  Kubjcc:  I  shall 
l.'Cit  .ig;.ia  ii)  t-iic  test  in  bomt  of  the  toUuvving  |>  if^ts, 
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stiiictly  to  show  that  the  mature  time  for  a  complete  gene^ 
ralizatioii"  of  chemical  iacls  is  yet  far  distant ;  and  though, 
in  the  explanations  of  the  various  resnks  of  experiit»ents  that 
have  been  detailed,  the  antiphlogistic  solution  of  the  phae- 
noniena  has  been  nnifonr.ly  adopted^  yet  the  motive  for 
employing  it  has  been  rather  a  sense  of  its  beauty  and  pre- 
cision, than  a  conviction  of  its  permanency  and  truth. 

The  discovery  of  the  agencies  of  the  gases  destroyed  the 
hypothesis  of  Stahl.  The  knowledge  of  the  powers  and 
effects  of  the  ethereal  substances  may  at  a  future  time  pos- 
sibly act  a  similar  part  with  regard  to  the  more  refined  and 
ingenious  hypothesis  of  I^avoisier  ;  but  in  the  present  state 
of  our  knowledge,  it  appears  the  best  approximation  that 
has  been  made  to  a  perfect  logic  of  chemistry. 

Whatever  fwlure  changes  may  take  place  in  theory,  there 
seems  however  every  reason  to  believe  that  the  metallic  bases 
of  the  alkalis,  and  the  common  metals,  will  stand  in  the 
same  arrangement  of  substances  ;  and  as  yet  we  have  no 
good  reasons  for  assuming  the  compound  nature  of  this  class 
of  bodies  *. 

The  experimeiits  in  which  ir  is  said  that  alkalis,  metallic 
oxides,  and  earths  may  be  formed  from  air  and  viater  alone, 
in  processes  of  vegetation,  have  been  always  made  in  an  in- 
conclusive niannerfi  for  distilled  water,  as  I  have  endea- 
voured 

*  A  phlogistk  chemical  theory  niigl.t  certainly  be  defended,  on  the  idea 
that  the  metals  are  compoimds  of  certain  unknown  bases  %vith  the  same  mat- 
ter as  that  existing  in  hydrogen  -,  and  the  metallic  oxides,  alkalis  and  acids 
comnounds  of  the  same  bases  -.vith  water  ; — but  in  this  theory  more  unknown 
principles  would  be  assumed  than  i.i  the  generally  received  theory.  It  would 
be  less  elegant  and  less  distinct.  In  my  iirst  experiments  on  tiie  distillation  of 
tk«  basis  of  potash  finding  hydrogen  generally  produced,  1  wjis  led  to  com- 
pare the  phU)gistic  hypothesis  with  the  new  facts,  and  I  found  it  fully  ade- 
quate to  the  explanation.  More  delicate  researches  however  aficrwards  proved 
tl\at  in  the  cases  when  inflammable  gases  appeared,  water,  or  some  bodv  in 
which  hydrogen  is  admitted  to  exist,  was  present. 

■^  The  explanation  of  Van  Helmont  of  his  fact  of  the  production  of  earth 
hi  the  grcnvtiv  of  the  willow,  was  completely  overturned  by  ihe  researches  of 
Woodward,     Phil.  Trans,  vol.  xxi.  p.  iS;3. 

The  couclnsions  which  M.  Eraconnot  has  very  lately  drawn  from  his  in- 
genious  experiments,  Anhaies  de  CMmie,  Fevricr  1S07,  p.  1S7,  are  rendered^cf 
little  avail  ia  consequence  of  the  circu.;nsr?.aces  stated  in  the  text    hi^he  cr;iy. 
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voured  to  show  *^  may  coiUain  both  saline  and  metallic  im- 
pregnations ;  and  the  free  atmosphere  almost  constantly 
holds  in  nieclianical  suspension  solid  substances  of  various 
kinds. 

In  the  common  processes  or  Nature,  all  the  products  of 
living  beings  may  be  easily  conceived  to  be  elicited  from 
known  combinations  of  matter.  The  compounds  of  iron,  of 
■the  alkalis,  and  earths,  with  mineral  acids,  generally  abound 
in  soils.  From  the  decomposition  of  basaltic,  porphyritic  f, 
and  granitic  rocks,  tliere  is  a  constant  supply  of  earthy  aU 
kaliiie  and  ferruginous  materials  to  the  surface  of  the  earth. 
In  the  sap  of  all  ))lanls  that  have  been  examined,  certain 
neutrosaline  compounds,  containing  potash,  or  soda,  or 
iron,  have  been  found.  From  plants  they  may  be  supplied 
to  animals.  And  the  chemical  tendency  of  organization 
seems  to  be  rather  to  combine  substances  into  more  compli- 
cated and  diversified  arrangements,  than  to  reduce  them  into 
sin)ple  elements. 

case  of  vegetation  in  which  the  free  atmosphere  was  excluded,  the  seeds  grew 
in  white  sand,  which  is  stated  to  have  been  purified  by  wablnng  in  muriatic 
acid  ;  but  such  a  process  was  insufTicient  to  deprive  it  of  substances  whicii 
might  afl'ord  carbon,  or  various  inflammable  matters.  Carbonaceous  inatter 
exists  in  several  stones  which  aflbrd  a  whitish  or  grayish  powder ;  and  when 
in  a  stone  the  quantity  of  carbonate  of  lime  is  very  small  in  proportion  to 
the  other  earthy  ingredients,  it  is  scarcely  acted  on  by  acids. 

*  Bakerian  Lecture,  1806,  page  8. 

•|-  In  the  year  1804,  for  a  particular  purpose  of  geological  inquiry,  I  made 
an  analysis  of  the  porcelain  clay  of  St.  Stevens,  in  Cornwall,  which  results 
from  the  decomposition  of  the  feldspar  of  fine-grained  granite.  I  could  not 
detect  in  it  the  smallest  quantity  of  alkali.  In  making  some  experiments  on 
specimens  of  the  undecompounded  rock  taken  from  beneath  ilie  surface, 
there  were  evident  indications  of  the  presence  of  a  fixed  alkali,  which  seemed 
to  be  potash.  So  that  it  is  very  probable  that  the  decomposition  depends  on 
the  operation  of  water  and  the  carbonic  acid  of  the  atmosphere  on  the  alkali 
forming  a  constituent  part  of  the  crystalline  matter  ot  the  feldspar,  whicli 
may  disintejjrate  from  beJi.g  deprived  of  it. 

[To  be  continued.] 
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XVITI.  An  Account  of  the  Application  of  the  Gas  from  Coal 
to  oeconomical  Purpo'ses.  By  Mr.  William  Murdoch. 
Communicated  hj  the  Right  Hon.  Sir  Joseph  Banks, 
Bart.  K.B.  P.R.S,"^ 

JL  HE  facts  and  results  intended  to  be  communicated  in  this 
paper,  are  founded  upon  observations  made,  during  the  pre- 
sent winter,  at  the  cotton-manufactory  of  Messrs.  PhiHps 
and  Lee  at  Manchester,  where  the  hght  obtained  by  the 
combustion  of  the  gas  from  coal  is  used  upon. a  very  large 
scale ;  the  apparatus  foj:'  its  production  and  application 
having  been  prepared  by  me  at  the  works  of  Messrs.  Boul- 
ton,  Watt,  and  Co.,  at  Soho. 

The  whole  of  the. rooms  of  this  cotton-mill,  which  is,  T 
believe,  the  most  extensive  in  the  united  kingdom,  as  well 
as  its  counting-houses  and  store-rooms,  and  the  adjacent 
dwelling-house  of  Mr.  Lee,  are  lighted  with  the  gas  from 
coal.  The  total  quantity  of  light  used  during  the  hours  of 
burning,  has  been  ascertained,  by  a  comparison  of  shadows, 
to  be  aljout  equal  to  the  light  which  2500  mould  candles  of 
six  in  the  pound  would  give  ;  each  of  the  candles,  with 
which  the  comparison 'was  made,  consuming  at  the  rate  of 
4-lOths  of  an  ounce  (175  grains)  of  tallow  per  hour. 

The  quantity  of  light  is  necessarily  liable  to  some  varia- 
tion, from  the  difficulty  of  adjusting  all  the  flames,  so  as 
to  be  perfectly  equal  at  all  times  ;  but  the  admirable  pre- 
cision and  exactness  with  which  the  business  of  this  mill  is 
conducted,  afforded  as  excellent  an  opportunity  of  making 
the  comparative  trials  I  had  in  view,  as  is  perhaps  likely  to 
be  ever  obtained  in  general  practice.  And  the  ejvperiments 
being  made  upon  so  large  a  scale,  and  for  a  considerable 
period  of  time,  may,  I  think,  be  assumed  as  a  sufficiently 
accurate  standard  for  determining  the  advantages  to  be  ex- 
pected from  the  use  of  the  gas  lights  under  favourable  cir- 
cumstances. 

It  is  not  my  intention,  in  the  present  paper,  to  enter  into 

*  From  Philosophical  Transactions  for  ISOS,   Fart  I 

Vol.  32.  No.  126.  Nov,  1808.  H  a  par- 
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a.  particular  description  of  the  apparatus  employed  for  pro- 
ducing the  gas ;  but  I  may  observe  generallv,  that  the  coal 
)&  distilled  in  large  iron  retorts,  which  during  the  winter 
season  arc  kept  constantly  at  work,  except  during  the  in- 
tervals of  charging  ;  and  that  the  gas,  as  it  rises  from  them, 
is  conveyed  by  iron  pipes  into  large  reservoirs,  or  gasome- 
ters, where  it  is  washed  and  purified,  previous  to  its  being 
conveyed  through  other  pipes,  called  mains,  to  the  mill. 
These  mains  branch  off  into  a  variety  of  ramifications  (form- 
ing a  total  length  of  several  miles),  and  diminish  in  size,  as 
the  quantity  of  gas  required  to  be  passed  through  them  be- 
comes less.  The  burners,  where  the  gas  is  consumed,  are 
connected  with  the  above  mains,  by  short  tubes,  each  of 
which  is  furnished  with  a  cock  to  regulate  the  admission  of 
the  gas  to  e^ch  burner,  and  to  shut  it  totally  off  when  re- 
quisite. This  latter  operation  may  likewise  be  instantane- 
ously performed,  throughout  the  whole  of  the  burners  in 
each  room,  by  turning  a  cock,  with  which  each  main  is 
provided,  near  its  entrance  into  the  room. 

The  burners  are  of  two  kinds  j  the  one  is  upon  the  prin- 
ciple of  the  ArgaiKl  lamp,  and  resembles  it  in  appearance; 
the  other  is  a  small  curved  tube  with  a  conical  end,  having 
three  circular  apertures  or  perforations,  of  about  a  thirtieth 
of  an  inch  in  diameter,  one  at  the  point  of  the  cone,  and 
two  lateral  ones,  through  which  the  gas  Issues,  forming 
three  divergent  jets  of  flame,  somewhat  like  a  fleur-de-lis. 
The  shape  and  general  appearance  of  this  tube  has  pro- 
cured it,  among  the  workmen,  the  name  of  the  cockspur 
burner. 

The  number  of  burners  employed  in  all  the  building! 
amounts  to  271  Argands,  and  ^33  cockspurs  ;  each  of  the 
former  giving  a  light  equal  to  that  of  four  candles  of  the  de- 
scription above  mentioned  ;  and  each  of  the  latter,  a  light 
equal  to  two  and  a  quarter  of  the  same  candles;  making 
therefore  the  total  of  the  gas  light  a  little  more  than  equal 
to  that  of  2500  candles.  When  thus  regulated,  the  whole 
of  ihe  above  burners  re(]uire  an  lioiirly  supply  of  1250  cubic 
fect  of  the  gas  produced  from  canuel  coal ;  the  superior 

quality 
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quality  and  quantity  of  the  gas  produced  from  that  material 
having  given  it  a  decided  preference  in  this  situation,  over 
every  other  coal,  notwithstanding  its  higher  price. 

The  time  during  which  the  gas  hght  is  used,  may,  upon 
an  average  of  the  whole  year,  be  stated  at  lenst  at  two  hour? 
per  day  of  twenty -four  hours.  In  some  mills,  where  there 
is  over  work,  it  will  be  three  hours ;  and  in  the  few  where 
night-work  is  still  continued,  nearly  twelve  hours.  But 
taking  two  hours  per  day  as  the  common  average  throughout 
the  year,  the  consumption  in  Messrs.  Philips'  and  Lee's 
mill  will  be  1250  X  2  =  2500  cubic  feet  of  gas  per  day; 
to,produce  which,  seven  hundred  weight  of  cannel  coal  is 
required  in  the  retort.  The  price  of  the  best  Wigan  cannel 
(the  sort  used)  is  13^^.  per  cwt.  (22o).  Gd.  per  ton)',  deli- 
vered at  the  mill,  or  say  about  eight  shillings  for  the  Seven 
hundredweight.  Multiplying  by  the  number  of  working 
days  in  the  year  (313),  the  annual  consumption  of  cannel 
will  be  110  tons,  and  its  cost  125/. 

About  one  third  of  the  above  quantity,  or  say  forty  tons 
of  good  common  coal,  value  ten  shillings  per  ton,  is  re- 
quired for  fuel  to  heat  the  retorts ;  the  annual  amount  of 
which  is  20/. 

The  1 10  tons  of  cannel  coal,  when  distilled,  produce  about 
70  tons  of  good  coak,  which  is  sold  upon  the^pot  at  i^-.  Acl, 
per  cwt.  and  will  therefore  amount  annually  to  ihe  sum 
of  93/. 

The  quantity  of  far  produced  from  each  ton  of  cannel  coal 
is  from  eleven  to  twelve  ale  gallons,  making  a  total  annual 
produce  of  about  1250  ale  gallons,  which  not  having  been 
yet  sold,  I  cannot  determine  its  value  ;  but  whenever  it 
comes  to  be  manufactured  in  large  quantities,  it  cannot  be 
such  as  materially  to  influence  the  oeconomical  statement, 
unless  indeed  new  applications  of  it  should  be  discovered. 

The  quantity  of  aqueous  fluid  which  came  over  in  the 
course  of  the  observations  which  I  am  now  giving  an  ac- 
count of,  was  not  exactly  ascertained,  from  some  springs 
having  got  into  the  reservoir;  and  as  it  has  not  been  yet  ap- 
plied to  any  useful  purpose,  I  may  omit  further  notice  of  it 
in  this  sutement. 

H  2  The 
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The  interest  of  the  capital  expended  in  the  necessary  ap* 
paratus  and  buildings,  together  with  what  is  considered  aa 
an  ample  allowance  for  wear  and  tear,  is  stated  by  Mr.  Lee 
fei  about  550/.  per  anrtum  :  in  which  some  allowance  is  made 
for  this  apparatus  being  made  upon  a  scale  adequate  to  the 
supply  of  a  still  greater  quantity  of  light,  than  he  has  occa- 
sion to  niake  use  of. 

He -is  of  opinion,  that  the  cost  of  attendance  upon  candle* 
would  he  as  much,  if  not  more,  than  upon  the  gas  appa- 
ratus;  so  that  in  forming  the  comparison,  nothing  need  be 
stated  upon  that  score,  on  either  side. 

The  ceconomical  statement  for  one  year  then  stands  thus  i 

Cost  of  110  tons  of  cannel  coal  -  125/* 

Ditto  of  40  tons  of  common  ditto  -  SO 

145 

Deduct  the  value  of  70  tons  of  coak         -  93 

The  annual  expenditure  in  coal,  after  deduct- 
ing the  value  of  the  coak,  and  without  allow- 
ing any  thing  for  the  tar,  is  therefore       -       5-2 
And  the  interest  of  capital,  and  wear  and  tear 
of  apparatus         _         _         _         _         .      550 
making  the  total  expense  of  the  gas  apparatus,  about  600/. 
per  annum. 

That  of  candles,  to  give  the  same  light,  would  be  about 
2000/.  For  each  candle  consuming  at  the  rate  of  4-IOths  of 
an  ounce  of  tallow  per  hour,  the  2500  candles  burning  upon 
an  average  of  the  year  two  hours  per  day,  would,  at  one 
shilling  per  pound,  the  present  price,  amount  to  nearly  the 
sum  of  money  above  mentioned. 

If  the  comparison  were  made  upon  an  average  of  three 
hours  per  day,  the  advantage  would  be  still  more  in  favour 
of  the  gas  light ;  the  interest  of  the  capital,  and  wear  and 
tear  of  the  apparatus  continuing  nearly  the  same  as  in  the 
former  case  ;  thus, 

1250  X  3.=  3750  cubic  feet  of  gas  per  day,  which  would 
be  produced  by  10}  cwt.  of  cannel  coals;  ihi.s  umliipliedby 

tbo> 
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the  number  of  working  days,  gives  168  tons  per  annura/ 
^'hich,  valued  as  before,  amounts  to  -  18S^. 

And  60  tons  common  coal  for  burning  under 
the  retorts,  will  amount  to  -  -         30 

218  .; 

Deduct  105  tons  of  coak  at  26^.  S(/.         -         140. 

Leaving  the  expenditure  in  coal,  after  deduc- 
tion of  the  coak,  and  without  allowance  for 
the  tar,  at         -         -         -         -         -  78 

Adding  to  which  the  interest  and  wear  and  tear  of  appara- 
tus, as  before,  the  total  annual  cost  will  not  be  more  than 
C50/.,  whilst  that  of  tallow,  rated  as  before,  will  be  3000/.' 

It  will  readily  occur,  that  the  greater  number  of  hours  th*' 
gas  is  burnt,  the  greater  will  be  its  comparative  oecononiy  * 
although  in  extending  it  beyond  three  hours,  an  increase  oF 
some  parts  of  tlie  apparatus  would  be  necessary. 

If  the  ceconomical  comparison  were  made  with  oils,  the 
advantages  would  be  less  than  with  tallow. 

The  introduction  of  this  species  of  light  into  the  establish- 
ment of  Messrs.  Philips  and  Lee,  has  been  gradual  ;  be- 
ginning in  the  year  1805,  with  two  rooms  of  the  mill,  the 
counting-houses,  and  Mr.  Lee's  dwelling-house.  After 
which,  it  was  extended  through  the  whole  manufactory,  as 
expeditiously  as  the  apparatus  could  be  prepared. 

At  first,  some  inconvenience  was  experienced  from  the 
smell  of  the  unconsumed,  or  imperfectly  purified  gas,  which 
may  in  a  great  measure  be  attributed  to  the  introduction  of 
successive  improvements  in  the  construction  of  the  appa- 
ratus, as  the  work  proceeded.  But  since  its  completion, 
and  since  the  persons  to  whose  care  it  is  confided  have  be- 
come familiar  with  its  management,  this  inconvenience  has 
been  obviated,  not  only  in  the  mill,  but  also  in  Mr.  Lee's 
house,  which  is  most  brilliantly  illuminated  with  it,  to  the 
exclusion  of  every  other  species  of  artificial  light. 

The  peculiar  softness  and  clearness  of  this  light,  with  its 
almost  unvarying  intensity,  have  brought   it  into  great  fa- 
vour with  the  work  people.     And  Its  being  free  from  the 
H  3  iucon- 
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inconvenience  and  danger,  resulting  from  the  sparks  and 
frequent  snuffmg  of  candle?,  is  a  circumstance  of  material 
importan  e,  as  tending  to  diminish  the  hazard  of  (ire,  to 
which  cotton  mills  are  known  to  be  niuch  exposed. 

Thf  above  parliculars,  it  is  conceived,  contain  such  in- 
formation, as  may  tend  to  illustrate  the  genera!  advantages 
attending  the  use  of  the  gas  light;  but  nevertheless  the 
Royal  Society  may  perhaps  not  deem  it  uninteresting  to  be 
apprized  of  the  circumstances  which  originally  gave  rise  in 
my  miad  to  its  application,  as  an  oeconomical  substitute  for 
oijs  and  tallow. 

,,  It  is  now  nearly  sixteen  years,  since,  in  a  course  of  ex- 
pieriments  I  was  making  at  Redruth  in  Cornwall,  upon  the 
quantities  and  qualities  of  the  gases  produced  by  distillation 
from  different  mineral  and  vegetable  substances,  I  was  in- 
duced by  some  observations  I  had  previously  made  upon  the 
burning  of  coal,  to  try  the  combustiliie  property  of  the  2;ase8 
produced  frooi  it,  as  well  as  from  peal,  wood,  and  other 
inflammable  substances.  And  being  struck  with  the  great 
quantities  of  gas  which  they  afforded,  as  well  as  with  the 
brilliancy  of  the  light,  and  the  facility  of  its  production,  I 
instituted  several  experiments  with  a  view  of  ascertaining  the 
cost  at  which  it  might  be  obtained,  compared  with  that  of 
equal  quantities  of  light  yielded  by  oils  and  tallow. 

My  apparatus  consisted  of  an  iron  retort,  with  tinned 
copper  and  iron  tybes  through  which  the  gas  was  conducted 
to  a  considerable  distance ;  and  there,  as  well  as  at  inter- 
mediate points,  was  burned  through  apertures  of  varied 
forms  and  dimensions.  The  experiments  were  made  upoii 
coal  of  different  qualities,  v/hich  I  procured  from  distant 
parts  of  the  kingdom,  for  the  purpose  of  ascertaining  which 
would  give  the  most  oeconomical  results.  The  gas  was  also 
washed  with  water,  and  other  means  were  employed  to  pu- 
rify it. 

In  the  year  1798.  I  removed   from   Cornwall   to  Messrs, 
Boulton,  Watt,  and  Co.'s  works  for  the   manufactory  of 
steam  engines  at  the  Soho  Foundry,  and  there  I  constructed 
au  fipparatus  upon  a  larger  scale,  which  during  many  suc- 
cessive 
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'<iessive  nights  was  applied  to  the  lighting  of  iheir  principal 
building,  and  various  new  rricthods  were  practisc-d,  of  wash* 
ing  and  purifying  the  gas. 

These  e,\periment3  were  continued  with  some  interrup- 
tions, until  the  peace  of  1802,  when  a  public  display  of  thw 
light  was  made  by  me  in  the  illumination  of  Mr.  Boulton's 
njanufactory  at  Soho,  upon  that  occasioii. 

Since  that  period,  I  have,  under  the  sanction  of  Messrs* 
Boulton,  Watt,  and  Co.,  extended  the  apparatus  at  Soho 
Foundry,  so  as  to  give  light  to  all  the  principal  shops,  where 
it  is  in  regular  u*e,  to  the  exclusion  of  other  artificial  light; 
but  I  have  preferred  giving  the  results  from  Messrs.  Philips' 
and  Lee's  apparatus,  both  on  account  of  its  greater  extent, 
and  the  greater  uniformity  of  the  lights,  which  rendered  the 
comparison  with  candles  less  difficult. 

At  the  time  I  commenced  my  experiments,  I  was  cer* 
tainly  unacquainted  with  the  circumstance  of  the  gas  from 
coal  having  been  observed  by  others  to  be  capable  of  com- 
bustion ;  but  I  am  since  informed,  that  the  current  of  ga« 
escaping  from  Lord  Dundonald's  tar  ovens  had  been  fre- 
quently fired;  and  I  find  that  Dr.  Clayton,  in  a  paper  in 
volume  xli.  of  the  Transactions  of  the  Royal  Society,  so 
long  ago  as  the  year  1739,  gave  an  account  of  some  obser- 
vations and  experiments  made  by  him,  which  clearly  mani- 
fest his  knowledge  of  the  inflammable  property  of  the  gas, 
which  he  denominates  '*  the  spirit  of  coals  ;"  but  the  idea  of 
applying  it  as  an  ceconomical  substitute  for  oils  and  tayow 
does  not  appear  to  have  occurred  to  this  gentleman,  and  t 
believe  I  may,  without  presuming  too  much,  claim  both 
the  first  idea  of  applying,  and  the  first  actual  application  of 
this  gas  to  ceconomical  purposes. 

XIX.  Description  of  art   improved  Ship   Stove.     By  Mr, 
JosETii  CoLLi'EB.,  of  Croivn- Street,  Soho,  London*. 

X.  HIS  stove  is  represented  in  the  engraving  Plate IV.  Fig.  1 . 
is  the  stove,  with  the  front  partly  closed  by  the  circular 

*  From  Transactions  of  the  Su cist y  for  the  EncouTo^emcnt  (fATis,  Manufac* 
tares,  and  Comn>erce,  for  1807. Fifteen  guineas  were  votad  to  Air.  Col- 
lier for  this  improvemeat,  and  a  model  is  placed  in  the  Saciety's  repojitorj-, 
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slide  A,  which  is  moved  fronrthe  back  bv  the  brass  handle 
B.x  G  a  moveable. plate  attached  to  the  slide  A,  now  sup- 
ported by  the  latch  catching  a  pin,  by  which  means  it  acts 
as  a  blower  to  caiise  the  fire  to  burn  more  briskly,  but  which 
slides  down  also  to  shut  the  fire  up. 

D  another  plate,  now  hanging  on  its  latch,  but  which 
can  be  let  down  to  shut  up  the  ash-pit  or  dish  I,  which  can 
be  drawn  out  when  the  side  lacings  FF  are  pulled  up.  G  a 
circular  plate  or  cap,  which  slides  so  as  to  shut  the  chimney 
up  close. 

Fig.  2.  The  body  of  the  stove  with  the  slider  A  moved 
round  to  the  back,  and  thus  leaving  the  fire-place  com- 
pletely open. 

Fig.  3.  The  ash- dish  shown  separate. 

Fig.  4.  One  of  the  side  facings  taken  out  to  show  the' 
figure"  H,  which  slides  into  a  hole  made  in  the  corner  of  the 
Stove  to  hold  it. 

The  expense  of  one  of  these  stoves  of  twelve  inches  di- 
ameter is  about  eight  pounds. 

XX.  Method  of  preparing  and  applying  a  Composition  for 
Painting  in  Imitation  of  the  Ancient  Grecian  Manner, 
called  Encaustic  Painting.  By  Mrs.  Hooker,  of  Rot- 
tingdeany  near  Brighton*. 

Jl  UT  into  a  glazed  earthen  vessel  four  ounces  and  a  half 
of  gum  arabic,  and  eight  ounces  (or  half  a  pint  wine  mea- 
jiure)  of  cold'  spring  water  ;  when  the  gum  is  dissolved,  stir 
in  seven  ounces  of  gum-mastich,  which  has  been  washed, 
dried,  picked,  and  beaten  fine.  Set  the  earthen  vessel  con- 
taining the  gum- water,  and  gum-mastich,  over  a  slow  fire, 
continually  stirring  and  beating  them  hard  with  a  spoon,  in 
order  to  dissolve  the  gum-mastich  :  when  sufficiently  boiled, 
it  will  no  longer  appear  transparent,  but  will  become  opacpie, 
and  stiff,  like  a  paste.  As  soon  as  this  is  the  case,  and  that 
the  gum-water  and  mastich  are  quite  boiling,  without  taking 
them  olTthe  fire,  add  five  ounces  of  white  wax,  broken  into 

*  From  Trnns(iciio)i<:  of  ihc  Socicl;/  for  the  Encouragement  of  ^li  Is,  Maiiufa(» 
furcs,  and.  Commerce,- (oi  1807, 
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«ma]I  pieces,  stirring  and  beating  the  different  ingredients 
together,  till  the  wax  is  perfectly  melted  and  has  boiled. 
Then  take  the  composition  off  the  fire,  as  boiling  it  longer 
than  necessary  would  only  harden  the  wax,  and  prevent  its 
mixipg  so  well  afterwards  with  water.  When  the  compo- 
sition is  taken  off  the  fire,  and  in  the  glazed  earthen  vessel, 
it  should  be  beaten  hard,  and  whilst  hot  (but-  not  boiling) 
mix  with  it  by  degrees  a  pint  (wine  measure)  or  sixteen 
ounces  more  of  old  spring  water,  then  strain  the  compo- 
sition, as  some  dirt  w  ill  boil  out  of  the  gum-njastich,  and 
put  it  into  bottles  :  the  composition,  if  properly  made,  should 
be  like  a  cream,  and  the  colours  when  mixed  with  it,  as 
smooth  as  with  oil.  The,  method  of  using  it,  is  to  mix  with 
the  composition  upon  an  earthen  palette,  such  colours  in 
powder  as  are  used  in  painting  with  oil,  and  such  aquantiiv 
pf  the  composition  to  be  mixed  with  the  colours  as  to  render 
them  of  the  usual  consistency  of  qil  colours ;  then  paint 
with  fair  water.  The  colours. when  mixed  with  the  compo- 
sition may  be  laid  on  either  thick  or  thin,  as  may  best  suit 
your  subject,  on  which  account,  this  composition  is  very 
advantageous,  where  any  particular  transparency  of  colour- 
ing is  required ;  but  in  most  cases  it  answers  best,  if  the 
colours  be  laid  on  thick,  and  they  require  the  same  use  of 
the  brush,  as  if  painting  with  body  colours,  and  the  same 
brushes  as  used  in  oil  painting.  The  colours  if  grown  dry, 
when  mixed  with  the  composition,  may  be  used  by  putting 
a  little  fair  water  over  thcfti;  but  it  is  less  trouble  to  put 
some  water  when  the  colours  are  observed  to  be  growing 
dry.  In  painting  with  this  composition  the  colours  blend 
without  difficulty  when  wet,  and  even  when  dry  the  tints 
may  easily  be  united  by  means  of  a  brush  and  a  very  small 
quantity  of  fair  water.  When  the  painting  is  finished,  put 
some  white  wax  into  a  glazed  earthen  vessel  over  a  slow  fire, 
and  when  melted,  but  not  boiling,  with  a  hard  brush  cover 
the  painting  with  the  wax,  and  when  cold  take  a  moderately, 
hot  iron,  such  as  is  used  for  ironing  linen,  and  so  cold  as 
jiot  to  hiss,  if  touched  with  any  thing  wet,  and  draw  it 
lightly  over  the  wax.  The  painting  will  appear  as  if  under 
a  cloud  till  the  wax  is  perfectly  cold,  as  also,  v.hatever  the 
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picture  is  painted  upon  is  quite  cold ;  but  if,  when  so,  the 
painting  should  not  appear  sufficiently  clear,  it  may  be  held 
before  the  fire,  so  far  from  it  as  to  melt  the  wax  but  slowly ; 
or  the  wax  may  be  melted  by  holding  a  hot  poker  at  such  a 
distance  as  to  melt  it  gently,  especially  such  parts  of  the 
picture  as  should  not  appear  sufficiently  transparent  or  bril- 
liant; for  the  oftener  heat  is  applied  to  the  picture,  the 
greater  will  be  the  transparency  and  brilliancy  of  colouring; 
but  the  contrary  effect  would  be  produced  if  too  sudden,  of 
too  great  a  degree  of  heat  was  applied,  or  for  too  long  a  time, 
as  it  would  draw  the  wax  too  much  to  the  surface,  and 
might  likewise  Crack  the  paint.  Should  the  coat  of  wax  put 
over  the  painting  when  finished,  appear  in  any  part  uneven  ; 
it  may  be  remedied  by  drawing  a  moderally  hot  iron  over  it 
again  as  before  mentioned,  or  even  by  scraping  the  wax  with 
a  knife :  and  should  the  wax  by  too  great  or  too  long  an 
application  of  heat  form  into  bubbles  at  particular  places,  by 
applying  a  poker  heated,  or  even  a  tobacco-pipe  made  hot, 
the  bubbles  would  subside  ;  or  such  defects  may  be  removed 
by  drawing  any  thing  hard  over  the  wax,  which  would  close 
any  sniall  cavities. 

When  the  picture  is  cold,  rub  it  with  a  fine  linen  cloth. 
Paintings  may  be  executed  in  this  manner  upon  wood  (hav- 
ing first  pieces  of  wood  let  in  behind,  across  the  grain  of  the 
wood  to  prevent  its  warping,)  canvass,  card,  or  plaster  of 
Paris.  The  plaster  of  Paris  would  require  no  other  prepa- 
ration than  mixing  some  fine  plaster  of  Paris  in  powder  with 
cold  water  the  thickness  of  a  cream  ;  then  put  it  on  a  look- 
ing-glass, having  first  made  a  frame  of  bees-wax  on  the 
lookmg-glass  the  form  and  thickness  you  would  wish  the 
plaster  of  Paris  to  be  of,  and  when  dry  take  it  off,  and  there 
will  be  a  very  smooth  surface  to  j)aint  upon.  Wood  and 
canvass  are  best  covered  with  some  gray  tint  mixed  with  the 
same  composition  of  gum-arabic,  gum-mastich,  and  wax, 
and  of  the  same  sort  of  colours  as  before  mentioned,  before 
the  design  is  begun,  in  order  to  cover  the  grain  of  the  wood 
or  the  threads  of  the  canvas,  Paintings  may  also  be  donq 
in  the  same  manner  with  only  gum-water  and  gum-mastich, 
prepared  the  same  way  as  the  mastich  and  wax  j  but  instead 
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of  putting  seven  ounces  of  mastlch,  and  when  boiling,  adding 
five  ounces  of  wax,  mix  twelve  ounces  of  gum-niastich  with 
theguni-vvater,  prepared  as  mentioned  in  the  first  part  of  this 
receipt:  before  it  is  put  on  the  fire,  and  when  sufficiently 
boiled  and  beaten,  and  is  a  little  cold,  stir  in  by  degrees 
twelve  ounces,  or  three  quarters  of  a  pint  (wine  measure) 
of  cold  spring  water,  and  afterwards  strain  it.  It  would  be 
equally  practicable  painting  with  wax  alone,  dissolved  in 
gum-water  in  the  following  manner.  Take  twelve  ounces 
or  three  quarters  of  a  pint  wine  measure  of  cold  spring  water, 
and  four  ounces  and  a  half  of  gum-arabic,  put  them  into  a 
glazed  earthen  vessel,  and  when  the  gum  is  dissolved,  add 
eight  ounces  of  white  wax.  Put  the  earthen  vessel  with  the 
gum-water  and  wax  upon  a  slow  fire,  and  stir  them  till  tlic 
wax  is  dissolved  and  has  boiled  a  few  minutes :  then  take 
them  off  the  fire  and  throw  them  into  a  bason,  as  by  re- 
maining in  the  hot  earthen  vessel  the  wax  would  become 
rather  hard  ;  beat  the  gum-water  and  wax  till  quite  cold. 
As  there  is  but  a  small  proportion  of  water  in  comparison 
to  the  quantity  of  gum  and  wax,  it  would  be  necessary  in 
mixing  this  composition  with  the  colours,  to  put  also  some 
fair  water.  Should  the  composition  be  so  made  as  to  occasion 
the  ingredients  to  separate  in  tne  bottle,  it  will  becomt: 
equally  serviceable  if  shaken  before  used  to  mix  with  the 
colours. 

I  had  lately  an  opportunity  of  discovering  that  the  com- 
position which  had  remained  in  a  bottle  since  the  year  1792, 
in  which  time  it  had  grown  dry  and  become  as  solid  a  sub- 
stance as  wax,  returned  to  a  cream-like  consistence,  and 
became  again  in  as  proper  a  state  to  mix  with  colours,  as 
wfi£n  it  was  first  made,  by  putting  a  little  cold  water  upon 
it,  and  suflTering  it  to  remain  on  a  short  time.  I  also  lately 
found  some  of  the  mixture  composed  of  only  gum-arabic- 
water  and  gum-mastich,  of  which  I  sent  a  specimen  to  the 
Society  of  Arts  in  1792  ;  it  was  become  dry,  and  had  much 
the  appearance  and  consistency  of  horn.  I  found,  on  letting 
some  cold  water  remain  over  it,  that  it  became  as  fit  for 
painting  witli_,  as  when  the  composition  was  first  prepared. 

Emma  Jane  Hooker, 
^XI.  Essay 
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'XXI.  Essay  upon  Machines  in  General.    By  M.  Carnot, 
Memher  of  the  French  Institute j  &c.  C^c. 

[Concluded  from  vol.  xixi.  p.  305.] 

LXIII.  J.  HtSE  remarks  as  to  the  momentum  of  activity^ 
have  originated  an  idea  with  me  of  a  principle  of  equilibrium 
peculiar  to  the  case  where  the  forces  exercised  in  the  system 
are  attractions  :  I  think  my  readers  will  not  be  displeased  to 
find  it  here;  it  is  in  the  following  terms  : 

Several  lodies  subjected  to  tlie  laws  of  an  attraction,  ex- 
ercised  in  consequence  of  any  function  of  distances,  either  ly 
these  bodies  themselves  upon  each  other,  or  by  different  fixed 
points  being  applied  to  any  machine ;  if  we  make  this  ma^ 
chine  pass  from  any  given  position  to  that  of  eijuilihriumf 
the  monicntum  of  activity  consumed  in  this  passage  by  the 
attractive  forces  with  which  these  bodies  will  be  animated, 
during  this  movement,  will  be  a  maximum. 

That  is  to  say,  this  momentum  will  be  always  greater 
than  it  would  have  been,  if,  instead  of  making  this  system 
pass  to  the  position  of  equilibrium,  we  had  constrained  it  to 
lake  a  different  route,  and  to  pass  into  any  other  situation. 

For -example,  if  gravity  is  the  subject  in  question,  which 
we  may  regard  as  an  attraction  exercised  towards  a  point  in- 
finitely, removed,  the  attractive  forces  will  be  the  weights 
applied  to  the  machine  :  the  momentum  of  activity  which 
will  be  exercised  by  these  forces  when  we  make  this  ma- 
chine change  its  situation,  will  therefore  be  equal  to  the 
total  weight  of  the  system  multiplied  by  the  height  which 
llie  centre  of  gravity  shall  have  descended  or  ascended  du- 
ring this  change  of  position  (XXXII).  Now  the  siiuation 
of  equilibrium  is  that  at  which  the  centre  of  gravity  is  at  the 
highest  or  lowest  point  possible  ;  therefore  the  height  to 
which  the  centre  of  gravity  should  ascend,  or  from  which 
it  should  descend,  in  order  to  pass  from  any  given  situation 
to  that  of  equilibrium,  is  greater  than  when  it  has  to  pass  to 
any  other  situation  :  thus  the  momentum  of  activity  con- 
sumed in  the  passage  by  the  motrix  forces,  is  also  greater  irj 
the  first  case  than  in  any  other. 

If 
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IF  attraction  was  always  constant  like  ordinary  gravity, 
but,  if  directed  towards  a  fixed  point,  placed  at  a  finite 
distance,  we  might  easily  conclude  from  the  preceding  prin- 
ciple, that  in  the  case  of  equilibrium,  the  sum  of  the  mo- 
menta of  the  bodies  of  the  system,  relatively  to  ^h is  fixed 
point,  is  a  maximum,  i.  e.  the  sum  of  the  products  of  each 
mass,  by  its  distance  to  the  fixed  point,  is  less  when  there 
is  an  equilibrium,  than  if  the  System  was  placed  in  any 
other  given  situation. 

If  the  attraction  towards  the  fixed  point,  instead  of  being 
constant,  was  proportional  to  the  distances  from  this  body 
to  this  fixed  point,  we  might  conclude  in  the  same  way 
that  the  sum  of  the  products  of  each  mass  by  the  square  of 
the  distance  to  this  fixed  pointj  is  a  maximum. 
'  We  know  that  the  sum  of  the  products  of  each  mass,  by 
the  square  of  its  distance  to  any  fixed  point,  is  equal  to  the 
sum  of  the  products  of  each  mass,  by  the  square  of  its  di- 
stance to  the  centre  of  gravity;  plus,  to  the  product  of  the 
total  mass,  by  the  square  of  the  distance  from  the  cen- 
tre of  gravity  to  this  fixed  point :  (this  is  a  well-known  pro- 
position in  geometry,  and  easily  proved  ;)  thus,  in  the  case 
of  attraction  under  examination,  the  sum  of  these  two  quan- 
tities should,  in  the  case  of  equilibrium,  ha  Si  maxim  umy  i.e. 
its  differential  is. equal  to  zero.  Let  us  suppose,  for  ins:t:ince5 
that  all  the  parts  of  the  system  are  connected  with  each, 
other,  so  as  to  form  only  one  body,  and  that  this  body  is 
suspended  by  its  centre  of  gravity,  so  that  this  point  is  fixed; 
it  is  clear  that  each  of  the  quantities  mentioned  will  be  con- 
stant ;  i.  e,  will  remain  the  same,  whatever  situation  wc 
give  to  this  body,  and  the  differential  of  their  sum  will  con- 
sequently be  null :  thus  there  will  be  equilibrium  ;  i,  e.  if 
all  the  particles  of  a  body  are  attracted  towards  a  fixed  point, 
proportional  to  their  distances  to  this  point,  and  if  we  sus- 
pend this  body  by  its  centre  of  gravity,  it  will  remain  iii 
equilibrium  precisely  as  in  the  case  of  ordinary  gravity.  Ii 
must  not  be  concluded  from  this,  however,  that  in  a  machine 
to  which  several  bodies  are  applied,  attracted  towards  a  fixed 
point,  in  ratio  of  the  distances,  the  position  of  equilibrium 
-■».-as  that  at  which  the  centre  of  gravity  of  the  system  woulcj 

be 
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be  at  the  lowest  point,  i.  e.  the  nearest  possible  from  the  fixed 
point ;  for  this  only  happens  in  the  case  in  which  all  the 
parts  of  the  system  hold  together  and  form  but  a  single 
body  :  on  the  contrary,  in  the  case  of  natural  gravity,  it  is 
not  necessary,  in  order  that  the  centre  of  gravity  should  be 
at  the  lowest  point,  that  the  parts  of  the  system  should  be 
united  with  each  other. 

If  bodies  were  attracted  towards  the  fixed  point  in  the 
inverse  ratio  of  their  distances  to  this  point,  the  principle 
alleged  above  would  show  thac  the  situation  of  equilibrium 
is  then  the  situation  at  which  the  sum  of  the  products  of 
each  mass,  by  the  logarithm  from  its  distance  to  the  fixed 
point,  is  a  maximum. 

In  general,  if  the  bodies  m  of  the  system  are  attracted  in 
ratio  of  a  power  n,  from  their  distances  x,  to  this  point, 
the  situation  of  equilibrium  will  be  that  at  which  the  quan- 
tity s  m  X"  +  '  will  be  a  maximum^  or  greater  than  in  any 
other  situation  ;  i.  e.  when  the  difference  of  this  quantity  to 
what  it  would  be,  if  the  system  was  in  a  situation  infinitely 
near,  is  equal  to  zero. 

If  there  are  in  the  system  several  fixed  points,  towards 
each  of  which  the  bodies  m  are  attracted,  in  virtue  of  a 
power  given  from  their  distances  to  this  point;  so  that 
X,  y,  z,  &c.  being  the  distances  from  w  to  these  different 
fixed  points  A. X",  R  ?/ p,  C  x  i,  8cc.  are  the  central  forces 
of  JH  towards  these  diOcrcnt  foci,  it  will  b    the  quantity 

A  B  C 

smx>'  +  ^  ^ ; —  s  7)17/  p  +  I  + smzi  ■*■  » 

4-  he.  which  will  be  a  maximum  in  the  position  of  equili- 
brium. 

And  if  besides  this,  the  bodies  attract  each  other  in  ratio 
of  any  given  power  of  the  distances,  in  such  a  way  that 
X  expressing  the  distance  from  the  molecule  m  10  each 
of  the  other  molecules  of  the  system,  FX""  is  the  motrix 
force  attractive  of  m  towards  this  other  molecule,  the  situa- 
tion of  equilibrium  will  be  that  where  the  quantity 

r  A  n 
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•f sm  zi  +  ^  •\-  Sec.  is  a  maximum  ;  i.  e.  sreater  than 

9+1  ^6 

in  any  other  situation. 

It  would  be  easy  silll  to  extend  these  consequences  to  other 
hypotheses  of  attraction  ;  but  this  seems  useless.  I  shall 
therefore  confine  myself  to  remarking,  that  we  may,  by  a 
principle  general  to  what  we  have  shown,  establish  that 

IVhatever  he  the  nature  of  the  matrix  forces  applied  to  a 
machine,  if  we  make  it  move  in  such  a  manner  that  it  passes 
ly  the  position  of  equilibrium,  the  instant  when  it  shall  ar- 
rive in  this  situation,  a  ill  he  that  at  which  the  momentwn  of 
activitij  consumed  during  the  movement^  by  these  motrix 
forces,  shall  be  greatest. 

That  is  to  say,  the  momentum  of  activity  which  the  pro- 
posed powers  consume  during  the  movement,  goes  on  al- 
ways increasing  until  the  machine  has  attained  the  position 
of  equilibrium ;  after  which  this  momentum  goes  on  di- 
minishing in  proportion  as  the  system  removes  from  this 
position  when  it  has  passed  it ;  whatever,  in  other  respects, 
may  be  the  route  which  we  make  this  machine  assume,  in 
order  to  bring  it  to  that  situation. 

Suppose,  for  example,  that  each  of  the  powers  applied  fo 
6.  machine  are  of  a  given  size,  and  that  besides  this  we  know 
one  of  the  points  of  direction  which  it  should  have  in  order 
that  there  be  equilibrium  :  1  say  that  thTs  situation  of  equili- 
brium is  that  at  which  the  sum  of  the  products  of  each  of 
these  powers,  given  by  the  distance  from  the  point  of  the 
Riachine  where  we  suppose  it  applied  to  the  fixed  point 
given  upon  its  direction,  is  the  least  possible*:  this  is  easily 
deduced  from  the  preceding  principle. 

All  these  things  are  so  easily  proved,  after  what  has  been 
said  in  the  course  of  this  second  part,  that  it  seems  useless 
to  dwell  upon  tliem.     I  shall  therefore  conclude  this  work 

*  It  must  be  remarked,  that  in  all  we  have  said  on  the  subject  of  a  ma- 
chine considered  in  different  positions,  and  of  its  passage  from  the  one  to  the 
other ;  it  must  be  remarked,  1  say,  that  these  positions  are  always  supposed 
to  be  such  that  we  pass  from  the  one  to  the  other  by  a  movement  which  is 
at  each  instant  of  those  1  have  called  geometrical :  otherwise  all  these  pro- 
positions would  be  subject  to  the  same  defects  with  v/hich  (in  V.)  we  have 
tiiought  fit  to  reproach  the  principle  of  Descartes,  aud  of  several  others. 
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with  some  reflections  upon  the  fundamenul  laws  from  which 

I  set  out,  in  order  to  establish  the  tiTeory  which  it  contains. 

Rijlcctions  npon  the  fundamental  Laws  of  Equlllhrium  and 
of  Movements. 
Among  the  philosophers  who  have  been  occupied  with 
iiKjuiries  respecting  the  laws  of  movement,  some  make  me- 
chanics an  experimental  science,  others  a  science  purely  ra- 
tional ;  i.  e.  the  former,  coiT.paring  the  phjenomena  of  Na- 
ture, decompose  them,  as  it  were,  in  order  to  know  what 
ihey  possess  in  common  with  each  other,  and  thus  to  re- 
duce them  to  a  small  number  of  principal  facts  which  serve 
to  explain  all  the  others,  and  to  prognosticate  what  should 
happen  in  every  circumstance  :  the  latter  begin  by  hypo- 
theses, then,  reasoninii  consequently  to  their  suppositions, 
attain  the  discovery  of  the  laws  which  bodies  would  pursue 
in  their  movements,  if  their  hypotheses  were  conformable  to 
Nature;  then  comparing  their  results  with  the  phenomena, 
and  finding  that  they  agree,  conclude  that  their  own  hypo- 
thesis is  exact,  i.  e.  that  bodies  in  fact  follow  the  laws  which 
tfiey  had  at  first  only  supposed. 

The  first  of  these  two  classes  of  philosophers  set  out 
therefore  in  their  researches  from  the  primitive  notions  which 
Nature  has  impressed  upon  us,  and  from  experiments  which 
she  continually  presents  to  us  :  the  second  class  set  out  from 
definitions  and  hypotheses.  With  the  former,  the  names 
of  bodies,  of  powers,  of  equilibrium,  and  of  movement, 
answer  to  first  ideas  ;. they  cannot  nor  should  not  define 
them  :  the  rest,  on  the  contrary,  having  every  thing  to  draw 
from  tlKir  own  sources,  are  obliged  to  define  these  terms 
with  precision,  and  to  explain  all  their  suppositions  clearlv: 
but  if  this  method  seems  more  elegant,  it  is  also  much  more 
difficult  than  the  other;  for  there  is  nothing  so  perplexing 
in  most  of  the  rational  sciences,  and  particularly  in  the  one 
vmdcr  consideration,  as  to  lay  down  at  first  precise  defi- 
nitions, upon  which  no  ambiguity  remains  :  if -would  in- 
volve me  in  metaphysical  discussions  far  above  my  aliility, 
40  investigate  all  those  which  have  been  hitherto  proposed  :  I 
shall  content  myself  with  examining  the  first  and  the  most 
simple. 

Whal 
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What  is  a  body  ?  Tt  is,  most  people  will  tell  us,  an  im- 
penetrable extent ;  i.  e.  which  cannot  be  reduced  to  a  lesS 
space.  But  is  this  property  not  common  to  the  body  and 
Co  the  empty  space  ?  Can  a  cubic  foot  ot"  vacuum  occupy  a 
less  space  ?  It  is  clear  that  it  cannot.  Suppose  a  cubic  loot 
of  water,  for  example,  is  contained  in  a  vessel  capable  of 
containing  two  cubic  feet  and  closed  on  all  sides:  suppose  we 
shake  or  roll  this  vessel  as  much  as  we  please,  there  will 
always  remain  a  cubic  foot  of  water  and  a  cubic  foot  of  va- 
cuum :  here  are  two  spaces,  of  different  nature  indeed,  but 
both  equally  irreducible  :— it  is  not  in  this  therefore  that  the 
characteristic  property  of  bodies  consists.  Other  people  tell 
us  that  this  property  consists  in  mobility.  The  indelinite  and 
empty  space,  say  they,  is  immoveable,  while  bodies  njay  be 
transported  from  one  place  of  this  space  to  anolher  :  but 
when  the  body  A  passes  into  B  for  example,  Has  not  the 
empty  space  which  was  in  B,  passed  into  A?  There  is  not, 
in  my  opuiion,  n)ore  reason  ior  attributing  the  movciTient 
to  the  plenum  which  u as  in  A,  than  to  thtr  vacuum  which 
was  in  B;  the  movement  consists  in  one  of  these  space:i 
supplanting  the  other ;  and  this  supplanting  being  recipro- 
cal, the  niobility  is  a  projxTty  which  belongs  no  mure  to 
one  than  to  another.  Without  departing  from  our  first 
suppositiim,  When  f  shake  the  vessel  half  empty  and  half 
full,  is  not  the  vacuum  moved  as  well  as  the  fluids  ?  I  dip 
a  hollow  ball  of  n)etal  into  a  bottle;  the  ball  goes  to  the 
bottom.  Have  we  not  here  a  vacuum  which  is  moved  in  a 
plenum,  in  the  same  way  as  bodies  are  moved  in  a  vacuum? 
The  full  space  does  not  therefore  differ  from  the  empty  space, 
either  in  mobility  or  in  irreducibility  ;  the  impenetrability 
which  distinguishes  the  first  from  the  second,  therefore,  \i 
not  the  same  with  this  irreducibility;  it  is  .something  which 
we  cannot  define,  because  it  is  a  primitive  idea  ! 

The  two  fundamental  laws  from  which  I  set  out  (XI.) 
are  therefore  truths  purely  experimental,  and  I  have  pro- 
posed them  as  such.  A  detailed  explanation  of  these  prin- 
ciples would  not  enter  into  the  plan  of  this  work,  and  per- 
haps would  have  only  darkened  the  subject :  the  sciences  are 
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like  a  beautiful  stream,  the  course  of  which  may  be  easily 
followed  when  it  has  acquired  a  certain  regularity,  but  if  we 
wish  to  ascend  to  its  source,  we  shall  find  it  in  no  parti- 
cular spot,  because  it  is  diffused  every  where ;  it  is  spread 
in  some  ineasiire  over  the  whole  surface  of  the  earth  :  in  the 
same  way  if  we  wish  to  ascend  to  the  origin  of  the  sciences, 
we  find  nothing  but  o!)scurity,  vague  ideas,  and  vitiated 
circles  ;  and  we  arc  lost  in  primary  ideas. 


XXI  r.   Description  of  improved  Tram-Plates  for  Carriofres 
on  Rail  Roads.  D>j  Mr.  Charles  Le  Caan,  of  Llaneilij, 

^lules  *, 

SIR, 

1  HAVE  forwarded  to  the  Society  of  Arts,  Sec.  a  specimen  of 
njy  new  method  of  laying  rails,  or  tram -plates,  on  such  a 
plan  as  has  met  the  entire  approbation  of  those  who  have 
seen  it,  and  are  acquainted  with  the  principle  on  which  such 
rx)ads  should  be  funned.  Rail  roads  arc  daily  increasing, 
from  the  great  advantage  they  afford  to  those  manufactories 
connected  with  mines  and  minerals,  particularly  to  collieries. 
They  also  promote  agriculture,  by  occasioning  lime  to  be 
procured  from  places  almost  inaccessible  by  any  other  means, 
or  from  whence  it  could  be  otherwise  brought  on  moderate 
terms. 

I  have  also  sent  a  drawing  of  my  method  of  laving  the 
tram-plates,  with  an  estimate  of  the  saving  that  will  arise  to 
the  public  by  adopting  the  said  method,  with  necessarv  re- 
marks on  the  principle  on  which  it  is  founded.  The  lead- 
ing rail  or  tram-plate  has  neither  tenon  nor  mortise  over  the 
plug.  The  stop-plate  terminates  the  specimen,  which  stop- 
ulate  should  go  in  with  some  degree  of  tightness  when  laid 
for  actual  use,  but  in  the  present  case  that  force  is  not  ne- 
cessary, as  the  wooden  blocks,  by  a  carriage  of  upwards  of 
200  miles,  may  in  some  small  degree  be  misplaced.    I  hope 

*  Trom  Transiii(ii>ns  oj  III'- Societiifor  the  EnroUra^nnnit  of  .^rts,  Manujur- 

iMrcs,  and  Commerce,  for  1807. Twenty  guineas  were  voted  for  this  com- 

muiicatioii. 
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any  impediment  of  that  nature  will  i)e  rectified  or  allowed 
for.  I  wish  it  to  be  understood,  that  a  stop-rail  is  intended 
to  be  placed  at  every  30  yards,  at  which  distance  any  re- 
pairs may  be  made  within  ten  minutes,  which  by  the  pre- 
sent mode  frequently  occupies  more  than  twice  that  time, 
exclusive  of  disturbing  in  some  measure  the  line  of  road. 
By  my  method,  the  plates  have  a  certain  degree  of  p'ay, 
which  is  absolutely  necessary  to  avoid  that  breakage  which 
too  frequently  takes  place  when  they  are  lixed  with  nails  and 
plugs. 

The  plates  which  I  send  have  been  fixed  in  stone  blocks, 
and  are  nearly  as  rough  as  when  taken  from  the  sand.  If  I 
am  favoured  with  any  mark  of  the  Society's  approbation,  I 
shall  hold  myself  bound  to  transmit  such  further  communi- 
cations on  this  subject  as  may  be  required  by  them,  or  any 
person  desirous  of  adopting  my  plan. 

I  aiDj  sir,  your  most  obedient  servant, 

Charles  Le  Caax. 

Llaiielly,  Carmarthenshire, 
May  1-',   1806. 

To  C.  Taylor,  M.D.  Sec. 

Reference  to  the  Engraving  of  Mr.  Chakles  Le  Caan's 

improved  Tram-Plates  for    Rail  Roads.     Plate  IV.  Fig. 

5,6,  7,  8. 

The  tram-plates,  fig.  5  and  6,  are  fastened  by  means  of  a 
tenon  and  mortise  AB,  each  having  a  correspondent  bevel, 
just  sufficient  to  keep  the  end  from  rising  up,  so  that  the 
head  of  one  plate  confines  the  end  of  the  other:  by  this 
means,  the  workmen  are  obliged  to  form  their  road  in  right 
lines,  and  maintain  perfect  levels,  as  the  mortise  and  tenon 
confines  them  to  the  required  exactness  necessary  to  make  a 
perfect  road  :  curves  or  any  given  segment  may  be  formed 
with  the  same  nicety,  by  having  two  bevel  rails  or  plates 
made  for  such  puaposes. 

Fig.  6.  A  side  view   or  longitudinal   section  of  the  two 

plates  placed  on  their  stone  blocks  or  sleepers  C  D,  show  two 

plugs  in  dotted  lines,   one  bevel,    the  other  perpendicular, 

cast  in  the  stop-rail  or  plate,  which  is  so  called  as  it  pre- 

I  2  vents 
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vents  the  others  from  moving,  and  when  taken  up  releases 
all  those  between  the  stop- plates ;  25  yards  of  rail  road  made 
with  these  plates,  may  he  taken  up  and  replaced  within  ten 
minutes.  The  plugs  in  dotted  lines  are  shown  in  their  pro- 
per positions  within  the  sleepers  EFG. 

The  usual  length  of  a  tram-plate  is  three  feet ;  the  flaneh 
or  outside  edge  H,  about  one  ineh  and  half  high  ;  the  sole 
or  bed  I,  from  three  inches  and  a  half  to  four  inches  broad, 
and  three- fourths  of  an  inch  thick;  but  these  dimensions 
may  be  varied  according  to  circumstances ;  the  most  approved 
weight  has  been  14  pounds  to  the  foot,  or  42  pounds  to  the 
plate  ;  the  ends  frt>ni  which  the  plugs  project,  and  to  which 
the  tenons  and  mortises  fasten,  should  be  one-fourth  of  an 
inch  thicker  than  the  other  part  of  the  plate. 

Fig.  7.  A  B,  Show  the  under  part  of  the  tenon  and  mortise, 
and  the  form  of  one  of  the  sloping  or  bevel  plugs. 

The  diameter  of  the  plug  near  the  shoulder  is  one  inch 
and  three  quarters,  reducing  to  one  inch,  its  length  two 
inches  and  a  half,  forming  an  angle  of  eight  degrees,  the 
plate  from  wliich  it  projects  is  counter-sunk,  so  that  the 
shoulder  of  the  plug  may  not  receive  any  sharp  pressure  or 
prevent  the  plate  from  having  a  perfect  bearing.  There  is 
a  small  groove  in  the  whole  length  of  the  exterior  of  each 
plug,  to  admit  a  wire  to  pass  to  its  extremity,  to  draw  the 
plug  out  if  broken  by  any  accident,  also  to  admit  the  ex- 
pansion of  water,  in  case  of  severe  frost. 

The  blocks  or  sleepers,  EFG,  on  which  the  tram-plates 
are  placed,  should  by  no  means  be  less  than  120  pounds 
each  in  weight,  but  shoidd  be  heavier  on  some  kinds  of 
ground  :  the  depth  of  the  hole  for  the  plug  should  be  three 
inches,  and  worked  according  to  the  inclination  of  the  plug, 
for  which  purpose  the  stone-mason  should  have  a  standard 
cast-iron  gauge  ;  there  should  be  projections,  K,  cast  with 
the  flaneh  or  outside  edge  of  the  tram-plate,  as  shown  at 
fig.  3,  to  make  the  j)lates  lie  firm  on  their  sleepers. 

Fig.  S.  Is  a  section  of  one  of  the  ends  of  a  tram-plate, 
in  which  H  shows  the  flaneh  or  upright  edge,  I  the  flat 
part  or  sole  on  which  the  wheels  of  the  waggons  run,  D  one 

of 
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of  the  pKigs,  K  the  projection   behind  the  flanch  to  make 
the  plate  he  firm  on  the  blocks. 

General  Olservations. 
The  advantage  of  hiying  plates  on  the  above  principle  is 
obvious ;  the  blocks  being  put  in  their  places  never  sink  be- 
low their  intended  level,  the  act  of  driving  either  nail  or 
plug  (which  requires  a  considerable  degree  of  force,  and 
too  frequently  destroys  the  level  of  the  road,)  being  here  un- 
necessary. In  the  common  mode  of  making  rail- roads, 
from  the  irregularity  of  nails,  particularly  in  forming  their 
heads,  few  can  be  driven  exactly  even  with  the  plate,  and 
are  perpetually  obstructing  the  passage  of  the  waggon  ;  the 
workmen  frequently  not  proportioning  their  holes  and  plugs 
to  the  hole  in  the  block,  also  occasions  considerable  break- 
age ;  the  exertion  necessary  to  fix  a  rail  or  plate  completely, 
is  great ;  and  numbers  of  plates,  particularly  when  the  iron 
is  short  or  brittle,  are  broken  near  the  mortises  by  missing 
the  stroke  of  the  hannner,  which  must  be  used  with  great 
force. 

Advantage  gained  in  laying  my  Tram-Plates  in  Comparison 
U'ith  other  JSlodes. 

£.    s.    d. 
Nails  used  in  a  mile,  3520  of  3  in  the  pound,  at 

4c?.  per  lb.  -         _         _         -         - 

Nails  lost  or  defective,  computed  at  per  mile 
Plugs  with  their  loss  .         -         -         _ 

By  breakage  of  rails,  average  from  experience 
Lessened  by  labour  in  block  laying,  calculated  at 

only  two-pence  per  yard 
By  breakage  of  blocks        _         ,         - 


This  calculation  does  not  take  in  annual  loss  of  nails,  and 
breakage  of  blocks,  which  ig  considerable. 
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XXIII.  On  (he  Inconvertilllity  of  Dark  into  Alhurmwi.  Bn 
Thomas  Andrkw  Knight,  Esq.,  F.R.S.  In  a  Letter 
to  Sir  Joseph  Banks,  K.B.  P.R.S."^ 

MY  DEAR  SIR, 

lx\  a  letter  which  I  had  the  honour  to  address  to  vou  in  the 
end  of  the  last  year*t,  I  endeavoured  to  prove  that  the  mat- 
ter which  composes  the  bark  of  trees,  previously  exists  iq 
the  cells  both  of  their  liark  and  alburnunri,  in  a  fluid  state, 
and  that  this  fluid,  even  when  extravasated,  is  capable  of 
changing  into  a  pulpous  and  cellular,  and  ultimately  a  vas- 
cular substance  ;  the  direction  taken  by  the  vessels  being; 
apparently  dependent  on  the  course  which  the  descending 
fluid  sap  is  made  to  take  if.  The  object  of  the  present  me- 
moir is  to  prove,  that  the  bark  thus  formed,  always  remains 
in  the  state  of  bark,  and  that  no  part  of  it  is  ever  trans- 
muted into  alburnum,  as  many  very  eminent  naturalists  have 
believed. 

Having  procured,  by  grafting,  several  trees  of  a  variety  of 
the  apple  and  crab  tree,  the  woods  of  which  were  distin- 
guishable from  each  otiicr  by  their  colours,  I  took  off,  early 
in  the  spring,  portions  of  bark  of  equal  length,  from  branches 
of  equal  size,  and  I  transposed  these  pieces  of  bark,  in- 
closing a  part  of  the  stem  of  the  apple  tree  with  a  covering 
of  the  bark  of  the  crab  tree,  which  extended  quite  round  it, 
and  applying  the  bark  of  the  apple  tree  to  the  stem  of  the 
crab  tree  in  the  same  manner.  Bandages  were  then  applied 
to  keep  the  transposed  bark  and  the  alburnum  in  contact 
with  each  other ;  and  the  air  was  excluded  by  a  plaster  com- 
posed of  bees-wax  and  turpentine,  and  with  a  covering  o^' 
tenipcrcd  clay. 

*  From  Philosophical  Transactions,  180S. 

+  Philosophical  Transactions,   1807. 

J  I  bai  observed  this  circumstance  in  many  successive  seasons;  hut  I  was 
not  by  any  means  prepared  to  believe  that  such  an  arrangement  could  fake 
place  in  the  coaguhini  aflWdcd  by  an  extravasated  fluid  ;  and  I  am  indebted 
to  Mr.  Carlisle  for  havinj^  pointed  out  to  me  many  circumstances  in  the  mo- 
tion and  powf rs  of  the  blood  of  animals,  which  induced  me  to  give  credit  to 
the  accuracy  of  my  observations ;  and  to  that  gentleman,  and  to  Mr.  Home, 
I  have  iUso  subbccjucntlv  to  acknowledge  manv  .i''li":itin:u.. 

The 
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The  interior  surface  of  the  bark  of  the  crab  tree  presented 
numerous  sinuosities,  which  correspcnded  with  similar  ine- 
quahies  on  the  surface  of  the  alburniuTi,  occasioned  by  the 
former  existence  of  many  hiteral  branches.  The  interior 
surface  of  the  bark  of  the  apple  tree,  as  well  as  the  external 
surface  of  the  alburnum,  was,  on  the  contrary,  perfectly 
smooth  and  even.  A  vital  union  soon  took  place  between 
the  transposed  pieces  of  bark,  and  the  alburnum  and  bark 
of  the  trees  to  which  they  were  applied ;  and  in  the  autumn 
it  appeared  evident,  that  a  layer  of  alburnum  had  been,  in 
every  instance,  formed  beneath  the  transposed  pieces  of 
bark,  which  were  then  taken  otT. 

Examining  the  organization  of  the  alburnum,  which  had 
been  generated  beneath  the  transposed  pieces  of  baik  of  the 
crab  tree,  and  which  had  formed  a  perfect  union  with  the 
alburnum  of  the  apple  tree,  I  could  not  discover  auv  traces 
f)f  the  sinuosities  J  had  noticed;  nor  was  the  uneven  surface 
of  the  alburnum  of  the  crab  tree  more  changed  bv  the 
smooth  transposed  bark  of  the  aj){)le  tree.  The  newly  tjenc- 
ratcd  alburnum,  beneath  the  transposed  bark,  appeared  per- 
fectly similar  to  that  of  other  parts  of  the  stock,  and  the  di- 
rection of  the  fibres  and  vessels  did  not  in  any  degree  corre- 
spond vith  those  of  the  transposed  bjrk*. 

Repeating  this  exjieriment,  I  seraped  off  the  external  sur- 
face of  the  alburnum  in  several  spaces,  about  three  lines  in 
diameier,  and  in  these  spaces  no  union  took  place  bet\vcen 
the  transposed  bark  and  the  alburnum  of  the  sioek,  nor  was 
there  any  alburnum  deposited  in  llie  abraded  spaees ;  but  the 
newly  generated  cortical  and  alburnous  layers  look  a  circu- 
lar, and  rather  elliptical,  course  round  those  spaced,  and 
appeared  to  have  been  generated  by  a  descending  fluid,  which 
had  divided  into  two   currents   when   it   came  into  contact 

*  Duha:nel  having  taken  cfT,  and  immediately  replaced,  similar  pieces  of 
the  bark  of  young  elms,  subsequently  found  that  the  -ilburnum,  which  was 
generated  beneath  such  pieces  of  bark,  had  not  formed  any  union  with  the 
alburnum  of  tlie  tree,  beaeath  it.  But  this  great  naturalist  did  not  employ, 
ligatures  of  sufhcient  power  to  bring  the  bark  and  a!burn\i;n  Julo  close  con- 
tact, or  the  result  would  have  been  different. 

1  4  with 
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with  the  spaces  Irom  which  the  surface  had  been  scraped  off, 
and  to  have  united  again  innnediattlv  beneath  them. 

In  each  of  these  experiments,  anew  cortical  and  albur- 
nous  layer  was  evidently  generated;  and  apparently  by  the 
same  n)cans  that  siiTiilar  substances  were  generated  beneath 
a  piaster  composed  of  bees- wax  and  turpentine,  in  former 
experiments*;  and  the  only  obvious  difference  in  the  result 
app'  ai-.s  to  be,  that  the  transposed  and  newly  generated  bark 
fornjed  a  vital  union  with  each  other :  and  it  is  sufficiently 
evidfut,  that  if  bark  of  any  kind  was  converted  into  alburnun), 
it  nmst  have  been  that  newly  generated.  For  it  can  scarcely 
be  supposed,  that  the  bark  of  a  crab  tree  was  transmuted 
into  the  alburnum  of  an  apple  tree,  or  that  the  sinuosities 
of  the  bark  of  the  crab  tree  could  have  been  obliterated,  had 
such  transmutation  taken  place.  There  is  not,  however,  any 
thing  in  the  preceding  cases  calculated  to  prove  that  the 
newly  generated  bark  was  not  converted  into  alburnum  j 
and  the  elaborate  experiments  of  DLdiamel  sufficiently  evince 
the  difficulty  of  producing  any  decisive  evidence  in  this  case; 
nevertheless  I  trust  that  I  shall  be  al)le  to  adduce  such  facts 
as,  in  the  aggregate,  will  be  found  nearly  conclusive. 

Examining  almost  every  day,  during  the  spring  and  sum- 
mer, the  projiressive  formation  of  alburnum  in  the  young 
shoots  of  an  oak  coppice,  which  had  been  fel  ed  two  years 
preceding,  I  was  wholly  unable  to  discover  any  thing  like 
the  transmutation  of  bark  into  alburnum.  The  commence- 
ment of  the  alburnous  layers  in  the  oak  {qitercm  rohur)  is 
distinguished  by  a  circular  row  of  very  large  tubes.  These 
tubes  are  of  course  generated  in  the  spring  ;  and  during  their 
formation,  I  found  the  substance  through  which  they  passed 
to  be  soft  and  apparently  ge'alinous,  and  much  less  tena- 
cious and  consistent  than  the  substance  of  the  bark  itself; 
and  therefore,  if  the  matter  which  gave  existence  to  the 
alburnum  previously  composed  the  bark,  it  must  have  been, 
during  its  change  of  character,  nearly  in  a  state  qf  solution; 
but  it  is  the  transmutation  of  one  organized  subsiance  into 
the  other,  and  not  the  identity  only  of  the  matter  of  both, 

*  Philosophical  Transactions  for  1807, 

for 
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for  which  the  disciples  of  Malpighi  contend  ;  and  if  the 
fibres  and  vessels  of  the  bark  really  became  those  of  the  al- 
burnum, a  very  great  degree  of  similarity  ought  to  he  found 
in  the  organization  of  those  substances.  No  such  similarity, 
however,  exists;  and  not  any  thing  at  all  corresponding 
with  the  circular  row  of  large  tubes  in  the  alburnum  of  the 
oak  is  discoverable  in  the  bark  of  that  tree.  These  tubes  are 
also  generated  within  the  interior  surface  of  the  bark,  which 
is  well  defined  ;  and  during  their  formation  the  vessels  of 
the  bark  are  distinctly  visible,  as  different  organs  ;  and  had 
the  one  been  transmuted  into  the  other,  their  progressive 
changes  could  not,  I  think,  possibly  have  escaped  my  ob- 
servation :  nor  does  the  organization  of  the  bark  in  other 
instances,  in  any  degree  indicate  the  character  of  the  wood 
that  is  generated  beneath  jt  :  the  baik  of  the  wych  elm 
(iilmus  onontana)  is  extremely  tough  and  fibrous  ;  and  it  ii 
often  taken  from  branches  of  six  or  eight  years  old,  to  be 
used  instead  of  cords  ;  that  of  the  ash  {J'raxinus  excelsior) 
on  the  contrary,  when  taken  from  branches  of  the  same 
age,  breaks  almost  as  readily  in  any  one  direction  as  in  aiw 
other,  and  scarcely  presents  a  fibrous  texture;  vet  the  albur» 
num  of  these  trees  is  not  very  dissimilar,  and  the  one  is 
often  substiluted  for  the  other  in  the  construction  of  agricul- 
tural instruments, 

Mirbel  lias  endeavoured  to  account  for  the  dissimilar  or- 
ganization of  the  bark,  and  of  the  wood  into  whixJi  he  con- 
ceives it  to  be  converted,  by  supposing  that  the  cellular  sub- 
stance of  the  bark  is  always  springing  from  the  alburnum, 
whilst  the  tree  is  growing,  and  thai  it  carries  with  it  part  of 
the  tubular  substance  {tUsu  hihulalre)  of  the  liber,  or  in- 
terior bark.  These  parts  of  l!ie  interior  bark,  which  arfe 
thus  removed  from  contact  with  the  alburnum,  he  conceives 
to  constitute  the  external  bark  or  cortex,  whilst  the  interior 
part  of  the  liber  progressively  changes  into  alburnum. 

But  if  this  theory  (which  1  believe  I  have  accurately 
stated,  though  I  am  not  quite  certain  that  I  fully  comprer 
-hend  its  author*)  were  well  founded^  the  texture  of  the  aU 

*  Chap.  iil.  article  5,  TiaiU  d- Anatomic  et  dp  piii,:siulosie  rri;c'tah. 

burnuir* 
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burnum  must  surely  be  much  more  intricate  and  interwoveu 
than  it  is,  and  its  tubes  would  lie  less  accurately  parallel  with 
each  other  than  they  do  :  and  were  the  fibrous  substance  of 
the  bark  progressively  changing  into  alburnum^  the  bark 
must  of  necessity  be  firmly  aitaclicd  to  the  alburnum  during 
the  spring  and  summer  by  the  continuity,  and  indeed  iden- 
tity of  the  vessels  and  fibres  of  both  the  substances.  This, 
however,  is  not  in  any  degree  the  case,  and  the  bark  is  in 
those  seasons  very  easily  separated  from  the  alburnum ;  to 
which  it  appears  to  be  attached  by  a  substance  that  is  appa- 
rently rather  gelatinous  than  fibrous  or  vascular :  and  the 
obvious  fact,  that  the  adhesion  of  the  cortical  vessels  and 
fibres  to  each  other  is  much  more  strong  than  the  adhesion 
of  the  bark  to  the  alburnum,  afTords  another  circumstance 
almost  as  inconsistent  with  the  theory  of  Malpighi,  as  with 
that  of  Mirbel. 

Many  of  the  experiments  of  D-.ihamel  are,  however,  ap- 
parently favourable  to  the  theory  of  Malpighi,  respecting 
the  conversion  of  bark  into  alburnum  ;  and  Mirbel  has  cited 
two,  which  he  appears  to  think  conclusive*.  In  the  first 
of  these,  Duhamel  shows  that  pieces  of  silver  wire,  inserted 
in  the  bark  of  trees,  were  subsequently  found  in  their  albur- 
num ;  but  Duhamel  himself  has  shown,  with  his  usual 
acuteness  and  candour,  that  the  evidence  afforded  by  this  ex- 
periment is  extremely  defective;  and  he  declares  himself  to 
be  uncertain  that  the  pieces  of  wire  did  not,  at  their  first  in- 
sertion, pass  between  the  bark  and  the  alburnum  ;  in  which 
case  they  would  necessarily  have  been  covered  by  everv  suc- 
cessive layer  of  alburnum,  without  any  tran-jnuitation  of 
bark  into  that  substance f. 

In  the  second  experiment  cited  by  Mirbel,  Duhamel  ha? 
shown  that  when  a  bud  of  a  peach  tree,  with  a  piece  of  bark 
attached  to  it,  is  inserted  in  a  plum  stock,  a  layer  of  wood 
perfectly  similar  to  that  of  the  peach  tree  \\'\\\  be  fo  ind,  in 
the  succeeding  winter,  beneath  the  inserted  bark.  The  state- 
ment of  Duhamel  is  perfectly  correct ;  but  the  experiment 
does  not  by  any  means  prove  the  conversion  of  bark  into 
wood  ;  for  if  it  be  difficult  to  conceive   (as  lie  remarks)  that 

•  Chnp.  iii.  article  .I,  Trniti'  d\'lnalomic  el  de  Physwlogie  ri'^c'ta(i\ 
t  Plnja.^iic  des  Arlrti,  liv.  iv.  ch.  3. 
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an  iuserled  piece  of  bark  can  deposit  a  layer  of  alburniun,  it 
i;»  at  least  as  difficult  to  conceive  how  the  same  piece  of  bark 
can  be  converted  into  a  layer  of  alburnum  of  more  than  twice 
its  own  thickness  (and  the  thickness  of  the  alburnum  depo- 
sited frequently  exceeds  that  of  the  bark  in  this  proportion), 
without  any  perceptible  diminution  of  its  own  proper  sub- 
Stance.  The  probable  operation  of  the  inserted  bud,  which 
is  a  well-organized  plant,  at  the  period  when  it  becomes  ca- 
pable of  being  transposed  with  success,  appears  also,  in  this 
case,  to  have  been  overlooked  5  for  1  found  that  when  I  de- 
stroyed the  buds  in  the  succeeding  winter,  and  left  the  bark 
which  belonged  to  them  uninjured,  this  bark  no  longer  pos- 
sessed any  power  to  generate  alburnum.  It  nevertheless 
continued  to  live,  though  perfectly  inactive,  till  it  became 
covered  by  the  successive  alburnoqs  layers  of  the  stock:  and 
it  was  found  many  years  afterwards  enclosed  in  the  wood. 
It  was,  however,  still  bark,  though  dry  and  lifeless,  and 
did  not  appear  to  have  made  any  progress  towards  conver- 
sion into  wood. 

In  the  course  of  very  numerous  experiments,  which  were 
made  to  ascertain  the  manner  in  which  vessels  are  formed 
in  the  reproduced  bark*,  many  circumstances  came  under 
my  observation  which  I  could  adduce  in  support  of  my  opi- 
nion, that  bark  is  never  transmuted  into  alburnum;  but  I 
do  not  think  it  ncccssarv  to  trouble  you  with  an  account  of 
them;  for  though  much  deference  is  certainly  due  to  the 
opinions  of  those  naturalists  who  h'ave  adopted  the  opposite 
theory,  and  to  the  doubts  of  Duhamcl,  I  am  not  acquainted 
with  a  single  experiment  which  warrants  the  conclusions 
they  have  drawn ;  and  I  think  that  were  bark  reallv  trans- 
muted into  alburnum,  its  progressive  changes  could  only 
have  escaped  the  eyes  of  prejudiced  or  inattentive  observers. 
Xn  the  course  of  the  ensuing  spring,  I  hope  to  address  to  you 
some  observations  respecting  the  manner  in  which  the  al- 
burnum is  generated.         I  am,  my  dear  sir, 

your  most  obliged  obedient  servant, 

Elton,  Dec.  29,  1807.  ThOMAS  And.  KnIGHT. 

^  Philosophical  Transactions  for  1807. 
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XXIV.  Analysis  of  various  Kinds  of  Fit-Coal.    Bi/ David 
MusHET,  Esq, 

To  Mr.   Tilloch.        Alfreton  Iron-Works, 
Nov.  10,  1808. 
SIR, 

XT  has  often  been  a  matter  of  surprise  to  ine  that  we  should 
possess  so  scanty  a  share  of  knowledge  on  the  component 
parts  of  pit-coal,  or  at  least  that  so  small  a  share  of  that 
knowledge  should  meet  the  public  eye.  Except  the  analysis 
given  by  Mr.  Kirwan,  1  do  not  recollect  any  in  our  lan- 
guage. After  this  short  preface,  I  shall  offer  no  apology  for 
sending  you  the  details  that  follow. 

IFehh  Furnaee  Coal  from  Cyfartha. 

The  appearance  of  this  coal  is  deep  shining  jetty  black, 
possessed  of  an  irregular  crystallized  fracture,  rather  in- 
clining to  soft  and  friable.     Specific  gravity  1-337. 

340  grains  of  this  coal,  in  small  pieces,  were  introduced 
into  a  close  fitted  iron  retort.  It  continued  longer  in  the  fire 
without  inflaming  than  the  common  sort  of  English  or  Scotch 
coals,  and  attcrwards  burnt  with  a  small  quantity  of  light- 
coloured  bituminous  flame.  Upon  examining  the  result,  I 
found  the  pieces  welded,  though  not  run  into  one  common 
mass ;  the  exposed  angles  were  all  rounded,  but  no  great 
dci^ree  of  adhesion  had  taken  place.  The  coke  thus  obtained 
was  of  a  dark-gray  silvery  colour,  very  sonorous,  and 
weighed  31 1  grains.    I>oss  29  grains. 

Volatile  matter  lost  in  a  heat  nearly  white         8-5 
Coke  obtained  r  -  -91-5 

100    parts. 

100  grains  of  this  coke  were  reduced  to  a  fine  powder,  and 
exposed  in  an  iron  capsule  heated  to  redness  in  contact  with 
the  external  air.  After  the  complete  combustion  of  the  car- 
bonaceous matter,  a  grayish- red  ash  was  found  weighing 
3*75  grains  :  the  coke  is  therefore  composed  of  carbon  96-25, 
ashes  3-75,  =  100  farts.    And  100  parts  of  this  coal  will  be 

composed  as  follows  ; 

*  Vdatile 
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Volatile  matter  8-500 

Carbon  -         88-068 

Ashes  -  3-432 


100       parts. 


Alfreton  Furnace  Coal. 
The  appearance  of  this  coal  is  glossy  black,  composed  of 
alternate  layers  of  soft  coal  and  black,  charry,  carbonaceous 
matter,  with  now  and  then  thin  laminx  of  hard  coal.  Cross 
fracture  of  the  beds  somewhat  shining  and  pitchy.  Specific 
gravity  1-235. 

Distilled  under  the  same  circumstances  as  the  Welsh  coal, 
the  results  were  as  follow  : 

Small  pieces  of  coal  weighing         300  grains 
Coke  obtained  -  -  163^ 

Loss  I3u[ 

Bituminous  matter  lost  in  distilling  45-5 

Coke  -  -  -         -  54-5 


100     parts. 

The  fracture  of  this  coke  was  more  cellular  than  that  of 
the  Welsh,  and  the  mass  more  united  and  compact;  the 
colour  a  lighter  gray.  100  parts  of  the  coke  was  found 
composed  of  carbon  96*05,  ashes  of  a  light-brown  co- 
lour 3-75,  =  100  parts. 

100  parts  of  the  same  coal  were  composed  of 
Bituminous  matter  and  water  45-500 

Carbon  -  -  -  52-456 

Asll£S  -  -  -  2-0'i4 


100       parts. 


Butterly  Furnace  Coal. 
Strong  hard  coal,  colour  dull  sooty  black,  fracture  sharp 
and  uneven.     Specific  gravity  1-264. 

300  grains  of  it  distilled,  yielded  171[  grains  of  a  light- 
coloured  gray  silvery  coke.     The  pieces  were  nearly  of  the 
2  same 
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same  shape  as  when  introduced  ;  a  few  of  the  points  and 
angles  were  rounded,  but  no  welding  from  bituminous  mat- 
ter had  taken  place. 

Volati^Ie  matter  equal  to       42*83 
Coke  hard  and  dense  56-17 


lOQ      parts. 


100   grains  of  the  coke  by  combustion  were  foand  to 

contain,  carbon  92*5,  ashes  of  a  pure  white  cohaur  7*5.  And 

100  parts  of  the  same  coal  were  composed  of 

Volatile  matter  -         42-830 

Carbon         -  -  52-882 

Ashes  -  -  4-2S8 


100 

parts. 

JVthh  Stone  Coal. 

Specific  gravity  1'368. 

Composed  of  water  and  hydrogen 
Carbon             .             _             _ 

8-0 

89-7 

Ashes  of  a  grayish-brown  colour 

2-3 

100    parts. 

100  grains  of  coke  prepared  from  this  coal  lost  10  grains 
on  being  exposed  for  ten  minutes  in  a  heat  of  178°  of 
Wedgwood.  The  residuum  was  much  more  brilliant  and 
metallic-looking  than  formerly. 

JVclsh  Slaty  Stone  Coal. 
Specific  gravity  1*409.     Composed  as  follows  : 


Volatile  matter 

9-100 

Carbon 

84-173 

Ashes  whitish-gray 

C-725 

100       parts. 


This  coal  seems  to  correspond,  in  point  of  quality,  ap- 
pearance and  inflammability,  with  Canncl  coal ;  or,  in  other 
words,  it  seems  to  bear  the  same  relation  so  the  stone  coals 
as  Canncl  coal  does  to  the  bituminous  coals.     I  have  there- 
fore 
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fore  subjoined  the  analysis  of  a  Cannel   coal  found  in  lh« 
same  section  of  strata  as  the  Alfrcton  furnace  coal. 

Derbyshire  Cannel  Coal. 
Specific  gravity  1-278.     Component  parts, 

Volatile  matter  -  47*000 

Carbon  -.  -  ■'iS-36^2 

Ashes  reddish-brown  colour      4G38 


100       parts. 


Kilkenny  Stone  Cord, 
Specific  gravity  l-fiOS.     Component  parts, 

Water  and  a  little  hydrogen         4*250 
Carbon         -  '-  92-877 

Ash  of  a  clav-brown  colour         2-8  73 


part; 


Stone  Coal  found  under  Basalt,  in  Scotland. 


Water  and  hydrogen 

]6'6G0 

Carbon 

69-740 

Asiies 

13-000 

100      parts. 


Kilkenny  Slaty  or  Cannel  Coal. 
Specific  gravity  1-445.     Component  parts, 

Matter  volatilized  in  dark-gray  flame      13*000 
Carbon  _  -  _  80-4  75 

Ashes  -  -  -  6' 5-25 


100      parts. 


Cannel  Coal  from  Lismahago,  in  Scotland. 
Component  parts. 

Bituminous  matter        -  56*5700 

Carbon             -      *       -  39'4300 

Ashes               -             -  4-0000 


100      parts, 

Si07fe 
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Stone  Coal,  from  Ijcolat'cojrcen,  Ireland. 

Specific  gravity  1'436. 

VcJatilc  matter  sligluly  bitmsiiaous         13'60 

Carbon  _  _  _  82-Q6 

Ashes  of  a  brownish-red  colour  3-24 


100      parts. 

Stone  Coal,  Specimen  marked  Corgee,  Ireland. 
Specitic  gravity  1'403.     Component  parts, 

VVater  and  hydrogen  -  9*  100 

Carbon  _"  .  -  87-491 

Ashes  clav-liroun  colour      -  3*409 


]00       parts. 


Stone  Coaly  Specimen  marked  No.  39,  Queen  s  Count ij, 
In-lu7id. 

■Specific  gravity  1'403.     Component  parts, 

Water  and  hydrogen  -  10-300 

Carbon  ,  -         -  86-560 

Ashes  _  .         .  3-140 


100       parts. 


It  is  worthy  of  remark,  that  the  coke  obtained  from  stone 
coals  in  general  is  of  a  greater  specific  gravity  than  the  coal 
itself,  and  that  it  is  very  difficult,  after  the  operation  of  coking 
is  performed,  to  distinguish  between  these  two  diBereni  states. 
Stone  l^^ood,  from  the  Giants'  Causeway,  Ireland. 
.Specific  gravity  1-150.     Conjponeni  parts, 
Lo^t  in  light-coloured  llame  resem- 
bling that  of  wood         -  -  33-370 
Carbon         -         -              -         -          54-697 
Ashes  ochrev-brown  colour         -  II-933 


100       parts. 


A  piece  of  uell-diicd  Oak  was  found  composed  of 
Volatile  matter  -  80-0 

Carbon  -  -  19*5 

Ashes  deep  brown  -  '5 

100    parts. 


!0  grains 
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20  grains  of  each  of  the  coals  and  cokes,  contained  in  the 
following  Table,  were  fused  with  100  grains  of  the  same 
oxide  of  iron,  and  under  similar  cipcum stances.  The  results, 
as  exhibited  in  the  Table,  will  furnish  ample  subject  for  re- 
flection to  those  interested  in  iron,  or  in  tlic  affinities  be- 
tween carbon  and  this  metal. 
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8j 
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1-50 
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44 
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42 
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1-75 

WeUh  stone  coal    - 

8- 

4Si 

L'-IG 

1  75 

39 

1-95. 

2-75 

Welsh  shity  ditto     - 

9- 100 

■iG] 

ii-jL.'.') 

3-50 

371 

1  875 

4-25 

Derbyshire  Cannel 

coal    - 

^17  000 

42 

2-100 

4Gl 

2-325 

3-50 

Kilkenny   coal 

4 -J  JO 

41| 

2087 

1-75 

38 

1-900 

1  75 

3itto  slaty      - 

IS- 

4ii 

2075 

1-50 

16 

•  -800 

Glass 

Jdolavooiieen  coal 

IS -800 

44i 

2-2'i5 

3-50 

18 

■900 

Glass 

[lorgee  coal 

9-100 

4'2| 

21 37 

3- 

27 

1  350 

Glass 

Jtone  C(xd,  Queen's 

County,  No.  39 

10-300 

40^ 

2  0375 

2-75 

20 

2-225 

Glass 

Dak  wood 

HO-O'K) 

I'A 

0G25 

2  5 

48 

2-40 

2-50 

itone  wood     - 

;i;;:'-7o 

45' 

2-2.5 

0  00 

441 

2-225 

General  Table  of  the  Analyses  of 

the  foregoing  Coal. 

Specific 

Sptcfic 

Volatile 
Matter. 

Carbon. 

Ashes. 

Gravity 
cfthe 

Gra-\ity 
of  the 

Coal. 

Coke. 

Welsh  furnace  coal 

8-5 

88-068 

S-432 

1  337 

1- 

Alfreton  furnace  coal 

455 

S^-'^SG 

2044 

1-235 

less  than 
water 

Eutterly  furnace  coal 

42-830 

52-882 

4  288 

1-264 

1100 

Welsh  stone  coal 

8- 

89-700 

2  300 

1-368 

1-3934 

Welsh  slaty  ditto       - 

9- ICO 

84-175 

6-725 

1-409 

Derbyshire  Cannel  ditto    - 

47-000 

48-362 

4-G3S 

1-278 

Kilkenny  coal 

4-2.-0 

92-877 

2  873 

1  602 

1  6568 

Stone  coal  found  under  basalt 

lo  f)0"U 

69-740 

13-600 

Kilkenny  slaty  coal 

13  000 

80  475 

ii-525 

1-445 

Scotch  Cannel  coal     - 

5G  570 

39  430 

4-OCO 

Boolavooneen  ditto        "] 

13-800 

52-960 

3-240 

1-436 

1-596 

iCorgec  coal         -             > Irish 

9-100 

87-491 

8-409 

1-403 

1-6560 

Queen's  Countv,No.39  J 

10-300 

86-560 

S-1^0 

1-403 

1-6218 

Stone  wood,  Giants'  Causeway 

33-370 

54-6-97 

11-933 

1-150 

'Oak  wood 

80  Oa) 

19-500 

-500 
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XXV.  The  Bakcrian  Lecture^  on  some  new  Pha^nomena  of 
Chemical  Changes  produced  by  Electricity,  particularly 
the  Decomposition  ofthejixed  Alkalis^  and  the  ExhihitiGU 
of  the  ?ie:v  Substances  which  constitute  their  Bases;  and 
on  the  genei-al  Nature  of  alkaline  Bodies.  By  Humphuv 
Davy,  Esq.,  Sec.  R.  S.  M.R.I.A. 

[Concluded  from  p.  112.] 

VIII.  On  the  Nature  of'  Ammonia  and  alkaline  Bodies  in 
general:  with  Observations  on  some  Prospects  of  Discovery 
offered  by  the  preceding  Facts. 

ZJLMMONIA  is  a  substance,  the  chemical  composition  of 
which  has  always  been  considered  of  late  years  as  most  per- 
fectly ascertained,  and  the  apparent  conversion  of  it  into 
hydrogen  and  nitrogen,  in  the  experiments,  of  Scheele, 
Priestley,  and  the  more  refined  and  accurate  experiments  of 
Berthollet,  had  left  no  doubt  of  its  nature  in  the  minds  of 
the  most  enlightened  chemists. 

All  new  facts  must  be  accompanied  however  by  a  train  of 
analogies,  and  often  by  suspicions  with  regard  to  the  accu- 
racy of  former  conclusions.  As  the  two  fixed  alkalis  con- 
tain a  small  quantity  of  oxygen  united  to  peculiar  bases, 
may  not  the  volatile  alkali  likewise  contain  it  ?  was  a  query 
which  soon  occurred  to  mc  in  the  course  of  inquiry  ;  and  in 
perusing  the  accounts  of  the  various  experiments  made  on 
the  subject,  some  of  which  I  had  carefully  repeated,  I  saw 
no  reason  to  consider  the  circumstance  as  impossible.  For 
supposing  hydrogen  and  nitrogen  to  exist  in  combination 
with  oxygen  in  low  proportion,  this  last  principle  might 
easily  disappear  in  the  analytical  experiments  of  decomposi- 
tion by  heat  and  electricity,  in  water  deposited  upon  the 
vessels  employed  or  dissolved  in  the  erases  proiiuced. 

Of  the  existence  of  oxygen  in  volatile  alkali  I  soon  satis- 
fied myself.  When  charcoal  carefully  burnt  and  freed  from 
moisture  was  ignited  by  the  Voltaic  battery  of  the  power  of 
250  of  3ix  and   four  inches  square,  in  a  small  quantity  of 

very 
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very  pure  ammoniacal  gas*;  a  great  expansion  of  the  aeri- 
form matter  took  place,  and  a  white  substance  formed, 
which  collected  on  the  sides  of  the  glass  tube  employed  in 
the  process  ;  and  this  matter,  exposed  to  the  action  of  di- 
luted ni'iriatic  acid,  effervesced,  so  that  it  was  probably  car- 
bonate ol  ammonia. 

A  process  of  another  kind  offered  still  more  decisive  re- 
sults. In  this  the  two  mercurial  gasometers  of  the  invention 
of  Mr.  Pepys,  described  in  No.  XIV.  of  the  Phil.  Trans, 
for  J  807  t,  were  used  with  the  same  apparatus  as  that  em- 
ployed by  Messrs.  Allen  and  Pepys  for  the  combustion  of 
the  diamond,  and  these  gentlemen  kindly  assisted  in  the  ex- 
periment. 

Very  pure  ammoniacal  aas  was  passed  over  iron  wire  ig- 
nited in  a  [)iatina  tube,  and  two  curved  glass  tubes  were  so 
arranged  as  to  be  inserted  into  a  freezing  mixture  ;  and 
through  one  of  these  tubes  the  gas  entered  into  the  platina 
tube,  and  through  the  other,  it  passed  from  the  platina  lube 
into  the  airholdcr  arranged  for  its  reception. 

The  temperature  of  the  atmosphere  was  55°;  but  it  was 
observed  that  no  sensible  quantity  of  water  was  deposited  in 
the  cooled  glass  tube  transn)ilting  the  unaltered  ammonia, 
but  in  that  receiving  it  after  its  exposure  to  heat,  moisture 
was  very  distinct,  and  the  gas  appeared  in  the  airholder 
densely  clouded. 

This  circumstance  seems  distinctly  to  prove  the  forma- 
tion of  water  in  this  operation  for  the  decomposition  of  am- 
monia; unless  indeed  it  be  asserted  that  the  hydrogen  and 
nitrogen  gases  evolved,  hold  less  water  in  solution  or  sus- 
pension than  the  ainnKniia  decomposed  ;  an  idea  sirongly 

♦  The  apparatus  in  which  this  experiment  was  made  is  described  in  pag« 
214,  Journal  of  the  Royal  Institution.  The  gas  was  confined  hy  mercury 
which  had  been  previously  boiled  to  expel  any  moisture  that  might  adhere  ta 
It.  I'he  aminouia  h:td  been  exposed  lo  the  action  of  dry  pure  potash,  and  a 
portion  of  it  et]U.U  in  volume  to  10930  grains  of  mercury,  when  acted  on  by 
distilled  water,  left  a  resid'.ium  equal  to  nine  grains  of  mercury  onlv.  So 
that  the  gas,  there  is  every  reason  to  believe,  cor.rsined  no  foreign  aeriform 
matter;  for  even  the  m.inute  residuum  may  be  accounted  for  by  supposing  it 
derived  from  air  dissolved  in  th.e  water. 

f  PhiL  Mag.  vol.  xsix. 
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opposed  by  the  conclusions  of  Mr.  Dalton*^  and  the  expe- 
riments of  Messrs.  Desornies  and  Clement  t. 

After  the  gas  had  been  passed  several  times  through  the 
ignited  tube  from  one  gasometer  to  the  other,  the  results 
were  examined.  The  iron  wire  became  converted  superfi- 
cially into  oxide,  and  had  gained  in  weight  -j-Vo  P'^rts  of  a 
grain,  about  -^  of  a  grain  of  water  were  collected  from  the 
cooled  glass  tubes  by  means  of  filtrating  paper,  and  33*8 
cubic  inches  of  gas  were  expanded  into  55'3  cubic  inches, 
and  by  detonation  with  oxygen  it  was  found  that  the  hydro- 
gen gas  in  these  was  to  the  nitrogen  as  3*2  to  I  in  volunie. 

It  will  be  useless  to  enter  into  the  more  minute  details  of 
this  experiment,  as  no  perfectly  accurate  data  for  propor- 
tions can  be  gained  from  them  ;  for  the  whole  of  the  am- 
monia was  not  decomposed ;  and  as  the  gas  had  been  pre- 
pared by  being  sent  from  a  heated  mixture  of  sal  anmioniac 
and  quieklime,  into  the  airholdcr,  it  was  possible  that  some 
soiuiion  of  anmionia  n)ight  have  been  deposited,  which,  by 
giving  out  new  gas  during  the  operation,  would  increase  the 
absolute  quantity  of  the  material  acted  upon. 

In  examining  the  resultsof  M.Berthollet's  J  elaborate  ex- 
periments on  the  decomposition  of  anunonia  by  electricity,  I 
was  surprised  to  find  that  the  weight  of  the  hydrogen  and 
nitrogen  produced,  rather  exceeded  than  lell  short  of  that  of 
the  anunonia  considered  as  decomposed,  which  was  evi- 
dently contradictory  to  the  idea  of  its  containing  oxygen. 
This  circumstance,  as  well  as  the  want  of  coincidence  be- 
tween the  results  and  those  of  Priestley  and  Van  Marum  on 
the  same  subject,  induced  nie  to  repeat  the  process  of  the 
electrization  of  ammonia,  and  I  soon  found  that  the  quan- 
tities of  the  products  in  their  relations  to  the  a[)parenl  quan- 
tity of  gas  destroyed  were  influenced  by  many  difterent 
causes. 

Ammonia  procured  over  dry  mtrcury  from  a  mixture  of 
dry  lime  and  nuiriatc  of  ammonia,  1  lound,  deposited  mois- 
ture upon  the  sides  of  the  vessel  in  which  it  was  collected, 

*  Manchester  Memoirs,  vol.  v.  part  ii.  page  J3.'),  17RJ, 
f   Aiiindes  dc  Chimie,  vol.  xiii.   p.  I'J,). 
i  MuiLoias  <tc  l\4cadmiie,  17?5,  pajc  l-'l. 
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Snd  iii  passing  the  gas  into  the  tube  for  electrization^  it  was 
not  easy  to  avoid  introducing  some  of  this  moisture,  which 
must  have  been  a  saturated  solution  of  ammonia,  at  the 
same  time. 

In  my  first  trials  made  u[)on  gas,  passed  immediately  from 
the  vessel  in  w  hich  it  had  been  collected  into  the  apparatus, 
f  found  the  expansion  of  one  of  ammonia  vary  in  different 
instances  from  2*8  to  2-2  measures;  hul  the  proportions  of 
the  nitrogen  and  hydrogen  appeared  uniform,  as  determined 
by  detonation  of  the  mixed  gas  with  oxygen,  and  nearly  as 
one  to  three  in  volume. 

To  exclude  free  moisture  entirely,  I  carefully  prepared 
ammonia  in  a  mercurial  airholder,  and,  after  it  had  been 
some  hours  at  rest,  passed  a  quantity  of  it  into  the  tube  for 
decomposition,  which  had  bceii  filled  with  dry  mercury. 
In  this  case  50  parts  became  103  pans  by  electrization,  and 
there  was  still  reason  to  suspect  sources  of  error. 

I  had  used  iron  wires  not  perfectly  free  from  rust,  for 
taking  the  spark,  and  a  black  film  from  tlie  mercury  ap- 
peared on  the  sides  of  the  tube.  It  was  probable  that  some 
ammonia  had  been  absorbed  by  the  metallic  oxides  both 
upon  the  iron  and  the  mercury,  which  might  again  have 
been  given  out  in  the  progress  of  the  operation. 

I  now  used  recently  distilled  mercury,  which  did  not 
leave  the  slightest  film  on  the  glass  tube,  and  wires  of  pla- 
tina.  The  ammonia  had  been  exposed  to  dry  caustic  potash, 
And  proved  to  be  equally  pure  with  that  njentioned  in  page 
147.  6o  measures  of  it,  each  equal  to  a  grain  of  water, 
were  electrized  till  no  further  expansion  could  be  produced, 
the  gas  filled  a  space  equal  to  that  occupied  by  I  OS  grains  of 
water.  The  thermometer  in  this  experiment  was  at  56% 
and  the  barometer  at  30' 1  inches.  The  wire  of  platina  trans- 
mitting the  spark  was  slightly  tarnished  *.  The  108  mea- 
sures of  gas,  carefully  analysed,  were  found  to  consist  of  80 
measures  in  volume  of  hydrogen,  and  28  measures  of  ni- 
trogen. 

*  This  most  probably  was  owing  to  oxidation.  When  platina  is  made 
positive  in  the  Vohaic  circuit  in  contact  with  solution  of  ammonia,  it  is  ra- 
pidly corroded.     This  is  an  aualogous  instance. 

K3  The 
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Thf  results  of  an  experiment  that  I  made  in  1709*  give 
the  weight  of  100  cubic  inches  of  ammonia,  as  18"  18  grains 
at  the  mean  temperature  and  pressure.  I  had  reasons  how- 
ever for  suspecting  that  this  estimation  might  he  somcvvhat 
too  low,  and  on  mentioning  the  circumstance  to  Messrs, 
Allen  and  Pcpys,  they  kindly  uiidcrtook  the  examination  of 
the  subject,  and  Mr.  Allen  soon  furnished  me  with  the  fol- 
lowing data.  *'  In  the  first  experiment  21  cubic  inches  of 
ammonia  weighed  1-05  grains;  in  a  second  experiment  the 
sanje  quantity  weighed  4-o6  grains,  barometer  30'G5,  ther- 
mometer 54^  Fahrenheit." 

Now  if  the  corrections  ("or  tcmptratnre  and  pressure  be 
made  for  these  estimations,  aiui  a  mean  taken,  100  cubic 
inches  of  annnonia  will  weigh  1 8 "67  grains,  barometer 
bi;in2;  at  30,  and  thermometer  at  fiO  Fahrenheit ;  and  if  the 
quantity  used  in  the  experiment  of  decomposition  be  calcu- 
lated upon  as  cui)ic  inches,  60  will  wt^igh  11-2  grains.  But 
the  hydrogen  gas  evolved  equal  to  SO  will  weigh  1-93 f 
grains,  and  the  nitrogen  equal  to  28;};,  S'3.  And  \\"2 
grains  —  1'9  +  8-3  =  10-2.  and  n-2  —  10-2.  =  1,  all  the 
estimations  being  made  according  to  ihe  standard  tempera- 
lure  and  pressure. 

So  that,  in  this  experiment  on  tlie  decomposition  of  am- 
monia, the  weight  of  the  gases  evolved  is  less  by  nearly 
-j-'y  than  that  of  the  ainmonia  employed  ;  iml  this  loss  can 
only  be  ascribed  to  the  existence  of  oxygen  in  the  alkali; 
part  of  wlileh  probably  combined  with  the  platina  wires  em- 
ployed for  electrization,  and  part  with  hydrogen. 

After  tl'.ese  ideas  the  oxygen  in  an)monia  cannot  well  be 
estimated  at  less  than  seven  or  eight  parts  in  the  hundred  j 
and  it  possibly  exists  in  a  larger  proporti(m  as  the  gases 
evolved  may  contain  more  water  than  tlie  gas   decon)ji^sed, 

*  Researches  Chem.  and  Pliil.  page  6"2. 

f  Lavoisier's  Elements,  p.  500.  A  cubical  inoli  of  liydroEjcn  is  considereJ 
as  weighing  -02:39. 

\  Researches  Chcm.  and  Ph'l  page  ,0.  Trom  my  experiments  100  cubical 
inclics  of  nitrogen  weigh  at  the  iiaiidard  tcnipeiaturc  and  pressure,  i2L."o 
grains, 

which 
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which  of  course  would  increase  their  volume  and  their  ab- 
solute weight*. 

In  supposing  ammonia  a  triple  compound  of  nitrogen, 
hydrogen,  and  oxygen,  it  is  no  less  easy  to  give  a  rational 
account  of  the  phsenomena  of  its  production  and  decompo- 
sition, than  in  adopting  the  generally  received  hypothesis  of 
its  composition. 

Oxygen,  hydrogen,  and  nitrogen,  are  always  present  in 
cases  in  wliich  volatile  alkali  is  formed ;  and  it  usually  ap- 
pears during  the  decomposition  of  bodies  in  which  oxygen 
is  loosely  attached,  as  in  that  of  the  compounds  of  oxygen 
and  nitrogen  dissolved  in  water. 

At  common  temperatures  under  favourable  circumstances, 
the  three  elements  may  be  conceived  capable  of  combining 
and  of  remaining  in  union  :  but  at  the  heat  of  ignition  the 
affinity  of  hydrogen  for  oxygen  prevails  over  the  complex 
attraction,  water  is  formed,  and  hydrogen  and  nitrogen  are 
evolved  ;  and  according  to  these  conclusions,  ammonia  will 
bear  the  same  relations  to  the  fixed  alkalis,  as  the  vegetable 
acids  with  compound  bases  do  to  the  mineral  ones  with 
simple  bases. 

Oxygen  then  may  be  considered  as  existing  in,  and  as 
forming,  an  element  in  all  the  true  alkalis  :  and  the  prin- 
ciple of  acidity  of  the  French  nomenclature  might  now 
likewise  be  called  the  principle  of  alkalescence. 

From  analogy  alone  it  is  reasonable  to  expect  that  the  al- 
kaline earths  are  compounds  of  a  similar  nature  to  the  fixed 
alkalis,  peculiar  highly  combustible  metallic  bases  united 
to  oxygen.  I  have  tried  some  experiments  upon  barytes  and 
strontites ;  and  they  go  far  towards  proving  that  this  must 
be  the  case.  When  barytes  and  strontites,  moistened  with 
water,  were  acted  upon  by  the  power  of  the  battery  of  250 
of  four  and  six,  there  was  a  vivid  action  and  a  brilliant  light 
at  both  points  of  communication,  and  an  inflammation  at 
the  negative  point. 

*  In  the  present  state  of  our  knowledge,  perfectly  correct  data  for  pro- 
portions cannu'  probably  be  gained  in  any  experiments  on  the  decomposition 
of  ammonia,  as  it  seems  impossible  to  ascertain  the  absolute  quantity  of  water 
in  this  gas  ;  for  electrization,  according  to  Dr.  Henry's  ingenious  researches, 
offers  the  only  means  known  of  ascertaining  the  quantity  of  water  in  gases. 
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In  these  cases  the  water  might  possibly  have  iiiterfered. 
Other  experiments  gave  however  more  distinct  results. 

Barvtes  and  strontites,  even  when  heated  to  intense  white- 
ness, in  the  electrical  circuit  by  a  flame  supported  by  oxygeu 
gas,  are  non-conductors ;  but  by  means  of  combination  with 
a  very  small  quantity  of  boracic  acid,  ihey  become  conduc- 
tors; and  in  this  case  inflammable  matter,  which  burns  with 
a  deep  red  light  in  each  instance,  is  produced  froin  them  at 
the  negative  surface.  The  high  temperature  has  prevented 
the  success  of  attempts  to  collect  this  substance;  but  there 
is  much  reason  to  believe  that  it  is  the  basis  of  the  alkaline 
earth  employed. 

Barytes  and  strontites  have  the  strongest  relations  to  the 
fixed  alkaUs  of  any  of  the  earthy  bodies*;  but  there  is  a 
chain  of  resemblances,  through  lime,  magnesia,  glucina, 
alumina,  and  si'.ex.  And  by  the  agencies  of  batteries  suflSr 
cicntly  strnng,  and  by  the  application  of  proper  circumr 
stances,  there  is  no  small  reason  to  hope,  that  even  these 
refractory  bodies  will  yield  their  elements  to  the  methods  of 
analysis  by  electrical  attraction  and  repulsion. 

In  the  electrical  circuit  we  have  a  regular  series  of  powers^ 
of  decomposition  from  an  intensity  of  action,  so  feeble  as 
scarcely  to  destroy  the  weakest  ailinity  existing  between  the 
parts  of  a  saline  neutral  compound,  to  one  sufficiently  ener- 
getic to  separate  elements  in  the  strongest  degree  of  union, 
in  bodies  undecomposable  under  other  circumstances. 

When  the  powers  are  feel)le,  acids  and  alkalis,  and  acids 
and  metallic  oxides,  merely  separate  from  each  other ;  when 
they  are  increased  to  a  certain  degree,  the  common  metallic 
oxides  and  the  compound  acids  are  decomposed ;  and,  by 
means  still  mure  exalted,  the  alkalis  yield  their  elements. 

*  The  similarity  between  the  properties  of  earths  and  metallic  oxides  was 
noticed  in  the  early  periods  of  chemistry.  The  poisonous  nature  of  barytes, 
and  the  great  specific  gravity  of  this  subsiance  as  well  as  ef  stroniiks,  led 
Lavoisier  to  the  conjecture  that  they  were  of  a  metallic  nature.  That  metals 
existed  in  the  fixed  alkalis  seems  however  never  to  have  been  susp^'ctcd-  From 
their  analoj!^  to  ammonia,  nitrogen  and  liydrogen  have  been  supposed _jo  I)q 
amonc;''*  their  elements.  It  is  singular,  with  regard  to  this  class  of  bodies, 
that  those  most  unlike  metallic  oxides  are  the  first  which  have  bcca  dcmon- 
jtratcd  to  be  such. 

And 
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And  as  far  as  our  knowledge  of  the  composition  of  bodies 
fextends,  all  subslauces  attracted  by  positive  electricity  are 
oxygen,  or  such  as  contain  oxygen  in  excess;  and  all  that 
pre  attracted  by  negative  eleciricity  are  pure  combustibles, 
pr  such  as  consist  chiefly  of  combustible  matter. 

The  idea  of  muriatic  acid,  fluoric  acid,  and  boracic  acid 
containing  oxygen,  is  highly  strengthened  by  these  facts. 
And  the  general  principle  confirms  the  conjecture  just  stated 
concerning  the  nature  of  the  earths. 

In  the  electrization  of  boracic  acid  moistened  with  vi^ater, 
I  find  that  a  dark-coloured  combustible  matter  is  evolved  at 
the  negative  surface;  but  the  researches  upon  the  alkalis 
have  prevented  me  from  pursuing  this  fact,  which  seems 
however  to  indicate  a  decomposition. 

Muriatic  acid  and  fluoric  acid  in  their  gaseous  states  are 
non-conductors  :  and  as  there  is  every  reason  to  believe  that 
their  bases  have  a  stronger  attraction  for  oxygen  than  water, 
there  can  be  little  hope  of  decomposing  them  in  their  aqueous 
solutions,  even  by  the  highest  powers.  In  the  electrization 
of  some  of  their  combinations  there  is  however  a  probability 
of  success. 

An  immense  variety  of  objects  of  research  is  presented  in 
the  powers  and  affinities  of  the  new  metaJs  produced  from 
the  alkalis. 

In  themselves  they  will  undoubtedly  prove  powerful  agents 
for  analysis  ;  and  having  an  affinity  for  oxygen  stron<ier  than 
any  other  known  substances,  they  may  possibly  supersede, 
the  application  of  eleciricity  to  some  of  the  undecompound- 
ed  bodies. 

The  basis  of  potash  I  find  oxidates  in  carbonic  acid  and 
decoiT! polls  it,  and  produces  charcoal  when  heated  in  con- 
tact with  carbonate  of  lime.  It  likewise  oxidates  in  muriatic 
acid;  but  I  have  had  no  opportunity  of  making  the  experi- 
ipient  with  sufficient  precision  to  ascertain  the  results. 

In  sciences  kindred  to  chemistry,  the  knowledge  of  the 
nature  of  the  alkalis,  and  the  analogies  arising  in  conse- 
quence, w-ill  open  many  new  views  ;  they  may  lead  to  the 
solution  of  many  problems  'ip  geology,  and  show  that  agents 

mav 
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may  have  operated  in  the  formation  of  rocks   and  earths 
which  have  not  hitherto  been  suspected  to  exist. 

It  would  be  easy  to  pursue  the  speculative  part  of  this  in- 
quiry to  a  great  extent ;  but  I  shall  refrain  from  so  occupy- 
ing the  time  of  the  Society,  as  the  tenour  of  my  object  in 
this  lecture  has  not  been  to  state  hypotheses,  but  to  bring 
forward  a  new  series  of  facts. 


XXVI.  Successful  Application  of  the  IMagnet^  employed  to 
extract  a  Fragment  of  Iron  out  of  the  liurnan  Ei/e,  which 
had  leen  lodged  there  al  out  five  Months,  By  Mr.  Wil- 
liam Pigr  am.   Sen.,  of  Tenter  den*. 

Tentcrden, 
July  12,   180S. 

About  five  months  ago  Charles  Milsied,  a  blacksmith,  of 
Tenterden,  whilst  in  the  act  of  striking  the  head  of  one 
hammer  against  another,  on  a  part  of  work  which  required 
him  to  strike  with  great  violence,  a  particle  of  iron  about  the 
size  of  a  small  pin's  head,  flew  off  from  the  head  of  the 
hammer,  and  darted  into  the  ball  of  his  left  eye;  the  acci- 
dent was  attended  with  extreme  pain,  and  continued  without 
any  abatement. 

Some  weeks  after  this  accident,  I  applied  a  magnet  to  the 
part  injured,  with  an  expectation  that  it  might  draw  out  the 
particle,  but  I  could  only  draw  out  a  mixture  of  powdered 
rui-t  with  the  tears.  I  supposed  the  salt  liquid  of  the  eye  had 
dissolved  this  calx  from  the  iron.  This  gave  no  relief,  as  tlie 
fragment  of  iron  was  yet  remaining  in  the  eye.  A  surgeon 
endeavoured  to  take  it  out  with  the  point  of  a  lancet ;  but 
the  fragment  was  firmly  fixed,  and  very  near  the  pupil  of 
the  eve,  so  that  it  was  impossible  to  touch  it  with  any  in- 
strument, but  with  extreme  danger.  Being  informed  the 
young  man  was  in  great  agony,  and  without  any  hope  of 
relief,  I  sent  for  him  again  this  12th  of  July,  with  a  desire 
to  try  once  move  what  effect  the  magnet  miglit  have.  I  was 

*  Communicated  by  Mr.  John  Swift,  of  Fcnchurch-strect. 
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the  more  encouraged^  knowing  the  principle  to  be  correct, 
and  the  power  to  be  employed  very  great,  I  lirst  examined 
<he  eye  with  a  powerful  magnifying  glass,  and  I  could  dis- 
cover a  very  small  particle  of  black  iron,  but  covered  over 
with  the  thin  coaling  of  the  eye  ;  the  surface  was  even,  and 
J  ike  the  other  parts  of  the  eye.  When  I  had  satisfied  myself 
of  the  exact  situation,  and  of  the  impediments  which  I  had 
to  surmount,  the  eyelids  were  held  open,  and  I  applied  the 
i)orth  pole  of  a  combined  staple  magnet,  possessing  great 
power,  at  the  distance  of  about  -J^th  of  an  inch  from  the 
eve;  then  I  used  another  niagnet  of  less  power,  but  of  more 
convenient  construction  :  thus  I  continued  alternately  to 
apply  them  both,  and  at  last  1  could  perceive  the  fragment 
of  iron  had  projected  above  the  surface  of  the  ins  of  the  eye. 
This  gave  me  some  encouragement,  although  there  was  a 
.<:c)aiing  to  cut  Its  way  through,  before  the  magnet  could 
draw  it  out.  I'o  appearance  it  was  as  firmly  fixed  as  a  thorn 
jn  the  fltsh,  and  which  prevented  it  from  being  drawn  out 
so  justaiitaneously,  as  the  magnet,  by  its  great  attractive 
power,  njight  have  done,  had  thefragment  been  only  loosely 
boating  on  the  outer  surface  of  the  eye. 

During  this  operation  the  young  man  frequently  thought 
he  felt  the  fragment  rush  out  of  his  eye,  before  it  actually 
was  so.  This  sensation  on  so  tender  an  organ  was  most 
likely  produced  by  the  great  force  with  which  the  magnet 
attracted  the  fragment  of  iron  ;  and  as  it  .was  evidently  dis- 
lodged fronj  its  former  position,  I  was  the  more  encouraged 
to  be  very  earnest  in  my  application.  After  using  magnets 
of  different  degrees  of  power,  and  in  various  directions,  foj' 
the  space  of  about  ten  or  fifteen  minutes,  the  particle  of  iron 
cut  its  way  through  the  thin  teguments  of  the  eye,  bv  the 
power  of  attraction,  and  was  taken  out  by  the  magnet :  I 
must  confess  that  f  was  surprised  to  find  so  small  a  particle 
should  have  been  the  occasion  of  such  long  continued  pain; 
hut  when  the  structure  of  that  tender  organ  is  duly  consi- 
dered, the  wonder  will  cease:  by  the  assistance  of  glasses, 
the  fragment  appeared  of  an  imperfect  octagon  shape,  and 
armed  with  rough  jagged  edges. 
As  soon  as  the  fragment  was  drawn  outj^he  eye  was  instantly 

free 
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free  from  pain,  although  many  months  before,  both  night 
and  clay,  the  pain  had  continued  without  inlermisaion  ;  and 
the  young  man  wan  unhappy  from  an  apprehension  that  he 
must  lose  the  sig'.it  of  that  eye,  which  had  been  much  im- 
paired bytlie  misfortune.  A  small  scar  remained  on  the  eye, 
but  it  occasioned  no  pain.  The  weakest  niagnet  which  I 
used  for  this  operation  will  suspend  a  weight  of  about  three 
pounds,  and  the  strongest  will  suspend  a  weight  of  about 
iifty  pounds.  The  weakest  magnet  by  its  construction,  not 
being  so  unwieldy  to  manage  as  the  olher,  gave  n>e  an  op- 
portunity of  approaching  more  closely  to  the  organ  of  sight 
than  I  could  with  the  largest;  but  I  think  they  both  had 
their  use  in  forcing  the  fragment  to  cut  its  way  through  the 
teguments  which  enveloped  it.  Not  being  a  medical  man, 
it  is  probable  1  may  not  have  given  the  description  so  accu-> 
Tately  as  ii  might  have  been^ given  ;  but  the  eflcct  produced, 
and  the  manner  in  which  it  was  accomplished,  I  think  can- 
liot  be  misunderstood. 

1  must  here  recommend  to  persons  who  may  be  induced 
!a  make  use  of  the  same  means  to  discharge  any  particles  of 
jron  from  the  eye,  not  to  be  discouraged  in  their  applica- 
tion, if  the  iron  should  not  so  suddenly  be  extracted  as  they 
mip.ht  expect :  they  should  take  into  consideration  the  de- 
gree of  coniinement,  and  every  other  existing  obstacle  be- 
tween the  iron  and  the  magnet ;  and  should  not  too  hastily 
decline  the  operation. 

I  have  not  slated  these  particulars  as  in  themselves  ex- 
traordinary, nor  as  calculated  to  excite  surprise.  We  all  know 
that  the  natural  property  of  the  magnet  is  such,  as  to  attract 
jron  in  every  possible  situation ;  and  we  also  know  the  pene- 
trating force  of  the  magnetic  fluid  will,  with  a  degree  of 
strength  equal  to  the  power  communicated,  make  its  pas- 
sage even  through  plates  of  glass,  when  any  j>article  of  iron 
is  within  the  circuit  of  its  infliknce.  I  can  therefore  only 
wonder  that  a  means  so  familiar,  and  which  seems  to  he 
pointed  out  by  a  law  in  Nature,  should  not  more  frequently 
be  used  on  such  occasions. 

William  Piguam  Sen. 

XXVII.  Re 
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XXV'ir.  Remarks  07i  the  Incomhustille  ^lan. 

To  Mr.  Tilkch. 

W  HAT  may  be  the  accuracy  of  the  experiments  detailed  iii 
the  last  Nuniiber  ot"  your  Magazine,  by  Dr.  Senientini,  re- 
lating to  the  incombustible  man,  I  knaw  not ;  but  of  this 
I  am  certain,  that  the  Doctor  has  gone  sadiy  out  of  his  way 
to  account  for  the  method  cnij)loyed  by  Senor  Lionetto,  to 
render  his  tonfiue  uninjured  by  the  hot  iron  which  he  was 
accustomed  to  pass  over  it. 

The  fact  is,  that  there  is  not  the  slightest  occasion  to  de- 
fend the  tongue  with  alum,  sugar,  soap,  or  any  other  sub- 
stance, for  the  purpose  of  renderins^  it  insensible  to  the  ac- 
tion of  red-hot  iron.  I  have  repeatedly  seen  a  friend  of 
mine  pass  over  his  tongue,  without  any  covering,  a  red-hot 
poker  ;  and  this  experiment,  which  he  has  performed  hun- 
dreds of  times,  to  the  great  astonishment  of  dinner  and  tea 
parties  where  he  happened  to  be,  T  ventured  (on  liis  assurance 
that  no  liurt  would  ensue)  to  repeat.  I  found  that  it  may  be 
done  with  the  utmost  safety  :  the  only  effect  is  a  slight  taste 
in  the  mouth  of  carbonated  hydrogen,  and  a  very  slight 
soreness  for  a  short  time. — Any  of  your  readers  mav  satisfy 
themselves  of  the  accuracy  of  this  statement.  It  is  only 
necessary  that  the  tongue  be  wet  with  saliva  before  it  is  put 
out  of  the  mouth,  and  that  the  poker  be  of  course  qidcklq 
passed  over  it. 

The  cause  of  this  phcenomenon  I  conceive  to  be,  that  the 
saliva  is  vaporized,  and  in  fact  prevents  the  iron  frojii  ever 
actually  touching  the  cuticle.  I  am,  sir. 

Your  obedient  servant, 
HuU,  W.  S. 

Kovember  8,  1S08.  

In  addition  to  what  has  been  stated  above  by  W.  S.,  I  shall 
Uere  njentiou  a  circumstance  which  occurred  since  the  pub* 
lication  of  Dr.  Sementini's  paper.  Having  mentioned  to  a 
plumber,  whom  I  had  employed  to  rej)air  a  lead  cistern,  some 
of  the  particulars  of  the  incombustible  man,  he  expressed 
i  byt 
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but  little  surprise.  Any  one,  he  said,  might  draw  their  fin- 
ger through  mehed  lead,  if  they  did  it  somewhat  quickly  j 
and  having  in  his  hand  a  ladle  full  of  melied  solder,  he  in- 
stantly passed  his  finger  through  it.  He  said  he  had  often 
passed  a  red-hot  piece  of  iron  over  his  tongue,  and  seen 
others  do  it  without  injury.  In  the  first  experiment,  he  said, 
it  was  necessary  that  the  finger  should  be  perfectly  dry — if 
otherwise,  the  person  might  get  what  he  called  a  ihimhle,  i.  e. 
some  of  the  metal  would  stick  to  the  finger  and  give  a  severe 
burn.  In  the  experiment  of  passing  a  red-hot  iron  over  the 
tongue,  the  iron,  he  said,  should  be  very  red — if  only  of  a 
black  heat,  nearly  but  not  red-hot,  it  was  sure  to  burn  the 
tongue  most  severely. — The  latter  circumstance  gives  much 
countenance  to  the  solution  of  the  phaenomenon  offered  by 
W.  S.  It  seems  somewhat  analogous  to  what  takes  place 
with  a  drop  of  water  let  fall  on  a  plate  of  red-hot  iron,  which 
takes  a  much  longer  time  to  evaporate  than  a  similar  drop 
let  fall  on  hot  iron  which  would  hardly  shine  in  the  dark. 

I  shall  here  state  another  fact,  which  may,  perhaps,  but 
not  quite  so  satisfactorily,  be  explaine<l  on  similar  principles. 
A  gentleman  informs  me  that  he  has  seen  an  iron  founder 
skim  melted  iron  with  his  hand.  The  founder  stated  that  he 
could  only  do  it  when  the  iron  was  boiling  hut : — if  of  a 
lower  heat,  it  would  burn  him. — A.  T. 
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[Contimied  from  p.  'J9.] 
DARWINIANA. 
IdvDROCKPHALUS  hiteriius,  or  dropsy  of  the  ventricles  of 
the  brain,  is  fatal  to  many  children,  and  some  adults.  When 
this  disease  is  less  in  quantity,  it  probably  produces  a  fever, 
termed  a  nervous  fever,  and  which  is  sosnetimcs  called  a 
worm  fever,  according  to  the  opinion  of  Dr.  Gilchrist,  in 
the  Scots  Medical  Essays.  This  fever  is  attended  with  great 
inirritabililv,  as  appears  from  the  dilated  ])upil3  of  the  eyes, 
in  which  it  corresponds  with  the  dropsy  of  the  brain.  And 
the  latter  disease  has  its  paroxysms  of  quick  pulse,  and  in 

that 
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that  respect  corresponds   with   other   fevers  wiiK   inirrita- 
bility. 

The  hydrocephakis  internus  is  distinguished  from  apoplexy 
by  its  being  attended  with  fever,  and  from  nervous  fever  by 
the  paroxysms  being  very  irregular,  with  perfect  intermis- 
sions many  times  m  a  day.  In  nervous  fever  the  pain  of 
the  head  generally  affects  the  middle  of  the  forehead  ;  in  hy- 
drocephalus internus  it  is  generally  on  one  side  of  the  head. 
One  of  the  earliest  criterions  is  the  patient  being  uneasy  on 
raising  his  head  from  the  pillow,  and  wishing  to  lie  down 
again  immediately  ;  which  I  suppose  is  owing  to  the  pres- 
sure of  the  water  on  the  larger  trunks  of  the  blood-vessels  en- 
tering the  cavity  being  more  intolerable  than  on  the  smaller 
ones  ;  for,  if  the  larger  trunks  are  compressed,  it  must  in- 
convenience the  branches  alsoj  but  if  some  of  the  small 
branches  are  conipressed  only,  the  trunks  are  not  so  im- 
mediately inconmioded. 

Blisters  on  the  head,  and  mercurial  ointment  externally, 
with  calomel  internally,  arc  principally  recommended  in  this 
fatal  disease.  When  the  patient  cannot  bear  to  be  raised  up 
in  bed  without  great  uneasiness,  it  is  a  bad  symptom. 
So  I  believe  is  deafness,  which  is  commonly  mistaken  for 
stupor.  And  when  the  dilatation  of  the  pupil  of  either  eye, 
or  the  squinting,  is  very  apparent,  or  the  pupils  of  both  eyes 
much  dilated,  it  is  generally  fatal.  As  by  stimulating 
one  branch  of  lymphatics  into  inverted  motion,  another 
branch  is  liable  to  absorb  its  fluid  more  hastily  ;  suppose 
strong  errhines,  as  connnon  tobacco  snuff  to  children,  or 
one  grain  of  turbilh  mineral,  (hydrargyrus  vitriolatus,) 
mixed  with  ten  or  fifteen  grains  of  sugar,  was  gradually 
blown  up  the  nostrils  ?  I  have  tried  common  snuff  upon 
two  children  in  this  disease ;  one  could  not  be  made  to 
sneeze,  and  the  other  was  too  near  death  to  receive  advan- 
tage. When  the  mercurial  preparations  have  produced  sali- 
vation, I  believe  they  may  have  been  of  service,  but  I  doiibt 
their  good  effect  otherwise.  In  one  child  I  tried  the  tincture 
of  digitalis  ;  but  it  was  given  with  too  timid  a  hand,  and 
too  late  in  the  disease,  to  determine  its  effects. 

As  all  the  above  remedies  gcuerally  fail  of  success,  I  think 

frequent,. 
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frequent,  almost  hourly,  shocks  of  electricity  from  very 
small  charges  might  be  passed  througli  the  head  in  all  direc- 
tions with  probability  of  good  event  ;  and  the  use  of  the 
trephine,  where  the  affected  side  can  be  distinguished.  When 
one  eye  is  affected,  does  the  disease  exist  in  the  ventricle 
of  that  side  ? 

Hydrops  thoracis. — The  dropsy  of  the  chest  commences 
with  loss  of  flesh,  cold  extremities,  pale  countenance,  high- 
coloured  urine  in  small' quantity,  and  general  debility,  like 
many  other  dropsies.  The  patient  next  complains  of  numb- 
ness in  the  arms,  'especially  when  elevated,  with  pain  and 
difficulty  of  swallowing,  and  an  absolute  impossibility  of 
lying  down  for  a  few  minutes,  or  with  sudden  starting  from 
sleep,  with  great  difficulty  of  breathing  and  palpitation  of 
his  heart. 

The  numbness  of  the  arms  is  probably  owing  more  fre- 
quently to  the  increased  action  of  the  pectoral  muscles  in 
respiration,  whence  they  are  less  at  liberty  to  perform  other 
offices,  than  to  the  connexion  of  nerves.  The  difficulty  of 
swallowing  is  owing  to  tlie  compression  of  the  oesophagus 
by  tlie  lymph  in  the  chest ;  and  the  impossibility  of  breath- 
ing in  a  horizontal  posture  originates  from  this,  that  if  any 
parts  of  the  lungs  must  be  rendered  useless,  the  inability  of 
the  extremities  of  them  must  be  less  inconvenient  to  respi- 
ration ;  since,  if  the  upper  parts  or  larger  trunks  of  the 
air-vessels  should  be  rendered  useless  by  the  compression 
of  the  accumulated  lymph,  the  air  could  not  gain  admit- 
tance to  the  other  parts,  and  the  animal  must  immediately 
perish. 

If  the  pericardium  is  the  principal  scat  of  the  disease,  the 
pulse  is  (juick  and  irregular.  If  onlv  the  cavity  of  the  tho- 
rax is  hydropic,  the  pulse  is  not  quick  nor  irregular. 

If  one  side  is  more  affected  tlian  the  other,  the  patient 
leans  most  that  way,  and  has  more  numbness  in  that  arm. 

The  hydrops  thoracis  is  distinguished  from  the  anasarca 
pulmonum,  as  the  patient  in  the  former  cannot  lie  down 
half  a  muuite  ;  in  the  latter  the  difficulty  of  breathing,  which 
occasions  him  to  rise  up,  comes  on  more  gradually;  as  the 
transition  of  the  lymph  in  the  cellular  membranes  from  one 

part 
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part  to  another  of  it  is  slower,  than  that  of  the  effLised  lymph 
in  the  cavity  of  ihe  chest. 

The  hydrops  thoracis  is  often  complicated  with  fits  of  con- 
vulsive breathing;  and  then  it  produces  a  disease  for  the 
time  very  similar  to  the  common  periodic  asthma,  which  is 
perhaps  owing  to  a  temporary  anasarca  of  the  lunors;  or  to 
an  impaired  venous  absorption  in  ihcm.  These  exacerba- 
tions of  difticalt  breathing  are  attended  with  cold  extremities, 
cold  breath,  cold  tongue,  upright  posture  with  toe  month 
open,  and  a  desire  of  cold  air,  and  a  quick,  weak,  intermit- 
tent pulse,  and  contracted  hands. 

These  exacerbations  recur  sometimes  every  two  or  tn'-ee 
hours,  and  are  relieved  by  opium,  a  grain  every  hour  for 
two  or  three  doses,  with  ether  about  a  dram  in  cold  water  ; 
and  seem  to  be  a  convulsion  of  the  muscles  of  respiration 
induced   by  the  pain  of  the  dyspnoea. 

M.  M.  A  grain  of  dried  squill,  and  a  quarter  of  a  grain  of 
blue  vitriol  every  hour  for  six  or  eight  hours,  unless  it  vomit 
or  purge.  A  grain  of  opium.  Blisters.  Calomel  three  grains 
every  third  day,  with  infusion  of  senna.  Bark.  Chalybeates. 
Puncture  in  the  side. 

Can  the  fluctuation  in  the  chest  be  heard  by  applying  the 
ear  to  the  side,  as  Hippocrates  asserts  ?  Can  it  be  feit  by 
the  hand  or  by  the  patient  before  the  disease  is  too  great  to 
admit  of  cure  by  the  paracentesis  ?  Does  this  dropsy  of  the 
chest  often  come  on  after  peripneumony  ?  Is  it  ever  cured 
by  making  the  patient  sick  by  tincture  of  digitalis  ?  Could 
it  be  cured,  if  on  one  side  only,  by  the  operation  of  puncture 
between  the  ribs,  and  afterwards  by  inflaming  the  cavity  by 
the  admission  of  air  for  a  time,  like  the  cure  of  the  hvdro- 
ccle  ;  the  pleura  afterwards  adhering  wholly  to  that  lobe  of 
thelung^,  so  as  to  prevent  any  future  efTusion  of  mucus? 

Obes'Uas. — Corpulency  may  be  called  an  anasarca  or  dropsy 
of  fat,  since  it  must  be  owing  to  an  analogous  cause  ;  that 
is,  to  the  deficient  absorption  of  fat  compared  to  the  quan- 
tity secreted  into  the  cells  which  contain  it. 

The  method  of  getting  free  from  too  much  fat  without 
any  injury  to  the  constitution,  consists,  first,  in  putting  on 
a  proper  bandage  on  the  belly,  so  that  it  can  be  tightened 
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or  relaxed  with  ease,  as  a  lightish   uiulcr  waistcoat,  with  a 
double  row  of  buttons.    This  is  to  compress  the  bowels  and 
increase  their  absorption,  and  it  thus  removes  one  principal 
cause  of  corpulency,  which   is  the  looseness  of  the  skin. 
Secondly,  he  should  omit  one  entire  meal,  as  supper ;  by 
this  long  abstinence  from  food  the  absorbent  system  will  act 
on  the  mucus  and   fat-  with  greater  energy.     Thirdly,  he 
should  drink  as  little  as  he  can  with  case  to  his  sensations  ; 
since,  if  the  absorbents  of  the  stomach  and  bowels  supply 
the  blood  with  i-jiuch,  or  perhaps  too  much,  aqueous  fluid, 
the  absorbents  of  th«  cellular  membrane  will  act  with  less 
eneri^y.     Fourthly,  he  should  use  much  salt  or  salted  meat, 
which  will   increase  th«  perspiration  and  make  him  thirsty; 
and  if  he  bears  this  thirst,,  the  absorption- of  hia  fat  will  be 
greatly   Increased,  as   appears  in  fevers   and   dropsies   with 
thirst;    this   I   believe   to  be  more  efficacious   than   soap. 
Fifthly,  he  may  use  aerated  alkaline  water  for  his  drink, 
which  may  be  supposed  to  rc^ndtr  the  fat  more  fluid, — or  he 
mav  take  soap  in  large  quantities,  wiiich  will  be  decomposed 
in  the  stomach.  Sixthly,  short  rest,  and  constant  exercise. 

Brnnchocele. — Swelled   throat.     An   enlargement  of  the 
thyroid  glands,  said  to  be  frequent  in  mountainous  countries, 
where  river  water  is  drunk  which  has   its   source  from  dis- 
solving snows.    This  idea  is  a  very  ancient  one,  but  perhaps 
not  on  that  account  to  be  the  more  depended  upon,  as  au- 
thors copy  one  another.     '  Tunvidum  guttur  quis  miratur  in 
alpibus?'  seems  to  have  been  a  proverb  in  the  time  of  Juvenal. 
Tlie  inferior  people  of  Derby  are  much  subject  to  this  dis- 
ease, but  whether  more  so   than  other  populous   towns,   I 
cannot  deterniinc ;  certain  it  is,  that  they  chiefly  drink   the 
water-  of  the  Derwent,  which  arises  in  a  mountainous  coun- 
try, and  is  very   frequently  blackened  as  it  passes  through 
the  morasses  near  its  source;  and   is   generally  of  a  darker 
colour,  and  attended  with  a  whiter  foam,  than  the  Trent, 
into  which  it  falU  :  the  greater  quantity  and  v.hitcness  of  its 
froth,   1  suppose,  may  be  owing  to  the  viscidity  communi- 
cated to  it  by  the  colouring  matter.     The  lower  parts  of  the 
town  of  Derby  might  be  easily  supplied   with  spring  water 
from  St.  Alkmond's  well ;   or  the   whole  of  it  from  tlie 

abundant 
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abundant  springs  near  BowbriJgc ;  the  water  from  which 
might  be  conveyed  to  the  town  in  hollow  bracks,  or  clay- 
pipes,  at  no  very  great  expense,  and  might  be  received  into 
frequent  reseivoirs  with  pumps  lo  tiieni  ;  or  laid  into  the 
houses. 

M.  W.  Twenty  grains  of  burnt  sponge  with  ten  of  nitre 
made  with  mucilage  into  lozenges,  and  permitted  to  dissolve 
slowly  under  the  tongile  twice  a  day,  is  asbcried  to  cure  in  a 
lew  months ;  perhaps  other  animal  charcoalj  as  candle- 
snuff's,  might  do  the  same. 

I  have  directed  in  the  early  state  of  this  disease  a  mixture 
of  common  salt  and  water  to  be  held  in  the  mouih,  parti- 
cularly under  the  tongue,  for  a  few  minutes,  four  or  six 
times  a  day  for  many  weeks,  which  has  sometimes  suc- 
ceeded :  the  salt  and  water  is  then  spit  out  again,  or  in  part 
swallowed.  Externally  vinegar  of  squills  has  been  applied, 
or  a  mercurial  plaster,  or  fomentations  of  acetated  ammo- 
niac, or  etb.er.  Some  empirics  have  applied  caustics  on  the 
bronchocele,  and  sometimes,  I  have  been  told,  with  suc- 
cess ;  which  should  certainly  be  used  where  there  is  danger 
of  suffocation  from  the  bulk  of  it..  One  case  I  saw,  and 
one  I  was  well  informed  of,  where  the  bronchocele  was 
cured  by  burnt  sponge,  and  a  hectic  fever  supervened  with 
colliquative  sweats ;  but  I  do  not  know  the  tinal  event  of 
either  of  them. 

De  Haen  affirms  the  cure  of  bronchocele  to  be  eff'ected  by 
flowers  of  zinc,  calcined  egg-shells,  and  scarlet  cloth  burnt 
together  in  a  close  crucible;  which  Vv-as  tried  with  success, 
as  he  assured  me,  by  a  late  lamented  physician,  my  friend. 
Dr.  Small  of  Birmingham. 

Scrophida. — King's  evil  is  known  by  tumours  of  the  lym- 
phatic glands,  particularly  of  the  neck.  The  upper  lip,  and 
division  of  the  nostrils,  is  swelled,  with  a  florid  countenance, 
a  smooth  skin,  and  a  tumid  abdomen.  Cullen. — The  absorbed 
iiuids  in  their  course  to  the  veins  in  the  scrophula  are  ar- 
rested in  the  lymphatic  or  conglobate  glands;  which  swell, 
and  after  a  great  length  of  time  inflame  and  suppurate. 
ISIaterials  of  a  peculiar  kind,  as  the  variolous  and  venereal 
matter,  when  absorbed  in  a  wound,  produce  this  torpor, 
L  -2  and 
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and  consequent  inflammation  of  those  Ivniphaiic  glands  where 
they  first  arrive,  as  in  the  axilla  and  groin.  There  is  reason 
to  snspeet,  that  the  tonsils  frecjuently  become  inflamed,  and 
snpparate  iVom  the  matter  absorbed  from  carious  teeth  ;  and 
1  saw  a  voung  lady,  who  had  both  the  axillary  glands  swell- 
ed, and  which  suppurated  ;  which  was  believed  to  have 
been  caused  by  her  wearing  a  pair  of  new  green  gloves  for 
one  day,  when  5»he  had  perspired  n)uch,  and  was  much  ex- 
hausted and  fatigued  by  walking:  the  gloves  were  probably 
dved  in  a  solution  of  vercHtcr. 

These  indolent  tumours  of  the  lymphatic  glands,  which 
constitute  the  scrophula,  originate  from  the  inirritabiiity  of 
those  glands  ;  which  therefore  sooner  fall  into  torpor  after 
having  been  stimulated  too  violently  by  some  poisonous 
material  ;  as  the  muscles  of  enfeebled  people  sfKnicr  become 
fatigued,  and  cease  to  act,  when  exerted,  than  those  of 
stronger  ones.  On  the  same  account  these  scrophulous 
glands  are  much  longer  in  acquiring  increase  of  motion, 
after  having  been  slimulatcd  into  inactivity,  and  either  re- 
main years  in  a  state  of  indolence,  or  suppurate  with  diffi- 
culty, and  son)elimes  o^ily  partially. 

The  difference  between  scrophulous  tumours,  and  those 
before  described,  consists  in  this  ;  that  in  those  eitlier glands 
of  different  kinds  were  diseased,  or  the  mouths  only  of  the 
lymphatic  glands  were  become  torpid  ;  whereas  in  scrophuh 
the  conglobate  glands  themselves  become  luinid,  and  gene- 
rally suppurate  alter  a  great  length -of  time,  when  they  ac- 
quire new  sensibility. 

These  indolent  tumours  may  be  brought  to  suppurate 
sometimes  by  passing  electric  shocks  through  them  every 
day  for  two  or  three  weeks,  as  I  have  witnessed.  It  is  pro- 
bable, that  the  alternate  application  of  snow  or  iced  water 
to  them,  till  ihcy  become  painfully  cold,  and  then  of  warm 
flannel  or  warm  water,  frequently  repeated,  might  restore 
their  irritability  by  accumulation  of  sensorial  power ;  and 
thence  either  facilitate  their  dispersion,  or  occasion  ihem  to 
suppurate. 

This  disease  is  very  frequent  amongst  the  children  of  the 
poor  in  large  towns,  who  arc  in  general  ill  fed,  ill  lodged, 

and 
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and  111  clothed  ;  and  who  are  further  weakened  by  eating 
much  salt  with  their  scanty  meal  of  insipid  vegetable  food, 
which  is  seldom  of  better  quality  than  water  gruel,  with  a 
little  coarse  bread  in  it.  Scrophulous  ulcers  arc  difficult  to 
Ileal  j  which  is  owing  to  the  deficiency  of  absorption  on  their 
pale  and  flabby  surfaces,  and  to  the  general  iuirritabili-iy  of 
the  system. 

M.M.  Plentiful  diet  of  flesh-meat  and  vegetables  with 
small-beer.  Opium,  from  a  quarter  of  a  grain  to  half  a  grain 
twice  a  day.  Sorbentia.  Tincture  of  digitalis,  thirty  drops 
twice  a  day.  Externally  sea-bathing,  or  bathing  in  salt  and 
water,  one  pound  to  three  gallons,  matle  warm.  The  ap- 
plication of  Peruvian  bark  in  fine  powder,  seven  parts,  and 
white  lead  (ccrussa)  in  fine  powder  one  part,  mixed  to- 
gether and  applied  on  the  ulcers  in  dry  powder,  by  means 
of  lint  and  a  bandage,  to  be  renewed  every  day.  Or  very 
fine  powder  of  calamy  alone,  lapis  calaminaris.  If  powdc;- 
of  manganese  ? 

Scirrhns  oesophagi. — Ascirrhus  of  the  tliroat  contracts  the 
passage  so  as  to  render  the  swallowing  of  solids  impracti- 
cable, and  of  liquids  difficult.  It  affects  patients  of  all  ages, 
but  is  probably  most  frequently  produced  by  swallowing 
hard  aneular  substances  when  people  have  lost  their  teeth  ; 
by  which  this  membrai^.e  is  over  distended,  or  torn,  or  other- 
wise injured. 

M.  M.  Put  milk  into  a  bladder  tied  to  a  canula  or  cathe-, 
ter ;  introduce  it  past  the  stricture,  and  press  it  into  the 
stomach.  Distend  the  stricture  gradually  by  a  sponge-tent 
fastened  to  the  end  of  whalebone,  or  by  a  plug  of  wax,  or 
a  spermaceti  candle,  about  two  inches  long;  which  miffht 
be  introduced,  and  left  there  with  a  string  only  fixed  to  it 
to  hang  out  of  the  mouth,  to  keep  it  in  its  place,  and  to  re- 
tract it  by  occasionally  ;  for  which  purpose  the  string  must 
be  put  through  a  catheter  or  hollow  probang,  when  it  is  to 
be  retracted,  Or  lastly,  introduce  a  gut  fixed  to  a  pipe  ;  and 
then  distend  it  by  blowing  wind  into  it.  The  sw\allowing  a 
bullet  with  a  string  put  through  it,  to  retract  It  on  the  exhi- 
bition of  an  emetic,  has  also  been  proposed.  Extcrnallv 
inercurial  ointment  has  been  much  rccomniencled.  Poultice. 
J.  ,3  piled 
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Oiled  silk.  Clysters  of  broth.  Warm  bath  of  broth.   Trans- 
fusion ot  blood  into  a  s'cin  three  or  four  ounces  a  day  ? 

I  directed  a  youna;  woman  about  twenty-two  years  of  age, 
to  be  fed  with  new  milk  put  into  a  bladder,  which  was  tied 
to  a  catheter,  and  introduced  beyond  the  stricture  in  her 
throat ;  after  a  few  days  her  spirits  sunk,  and  she  refused  to 
use  it  further,  and  died.  Above  thirty  years  ago  1  proposed 
to  an  old  geiuleman,  whose  throat  was  entirely  an  pervious,  to 
supply  him  v^ith  a  few  ounces  of  blood  daily  from  an  ass, 
or  from  the  human  animal,  who  is  still  more  patient  and 
tractable,  in  the  following  manner:  To  fix  a  silver  pipe 
about  an  inch  long  to  each  extremity  of  a  chicken's  gut,  the 
part  between  the  two  silver  ends  to  be  measured  by  tilling  it 
with  warm  water ;  to  put  one  end  into  the  vein  of  a  person 
hired  for  that  purpose,  so  as  to  receive  the  blood  returning 
from  the  extremity  ;  and  when  the  gut  was  quite  full,  and 
the  blood  running  through  the  other  silver  end,  to  introduce 
that  end  into  the  vein  of  the  patient  upwards  towards  the 
heart,  so  as  to  admit  no  air  along  with  the  blood.  And 
lastly,  to  support  tlic  gut  and  silver  ends  on  a  water  plate, 
filled  with  water  of  ninety-eight  degrees  of  heat,  and  to 
iTieasure  how  many  ounces  of  blood  was  introduced  by  pass- 
ing the  finger,  so  as  to  compress  the  gut,  from  the  receiving 
pipe  to  the  delivering  pipe  ;  and  thence  to  determine  how 
many   gut-fulls   were  given  from   the  healthy  person  to  the 

patient.     Mr. considered  a  day  on  this   proposal,  and 

then  another  day,  and  at  length  answered,  that  "  he  now 
found  himself  near  the  house  of  death  ;  and  that  if  he  could 
return,  he  was  now  too  old  to  have  much  enjoy-ment  of  life  ; 
and  therefore  he  wished  rather  to  proceed  to  the  end  of  that 
journey,  which  he  was  now  so  near,  and  w  hich  he  must  at 
all  events  soon  go,  than  return  for  so  short  a  time."  He 
lived  but  a  few  days  afterwards,  and  seemed  quite  careless 
and  easy  about  the  matter. 

[To  be  coiUinued.] 
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XXIX.  A  Letter  on  the  D'ifftrences  in  the  Stnicture  of 
Calculi,  which  arise  from  their  being  formed  in  diffei-ent 
Parts  of  the  urinary  Passages;  and  on  the  Effects  that 
arc  produced  upon  them,  hy  the  internal  Use  of  solvent 
Medicines,  from  Mr.  William  Bjrande  to  Everard 
Home,  Esq.,   F.R.S."^ 

DEAR  SIR, 

XJ.AVING  availed  myself  of  the  opportunity  you  jirocnred 
for  me,  of  making  ii  chemical  examination  of  the  calculi 
contained  in  the  Hunterian  Museum,  as  well  as  those  in 
your  own  collection,  I  herewith  seud  you  an  account  of 
what  I  have  done. 

Should  the  observations  appear  to  you  to  throw  any  new- 
light  upon  the  formation  of  calculi,  I  request  that  you  will 
<3o  me  the  honour  of  laying  them  before  the  Royal  Society. 

The  collection  which  I  have  examined,  is  not  only  un- 
commonly large,  but  the  greater  part  of  tiie  specimens  have 
histories  of  the  case  annexed  to  them. 

This  circumstance  enabled  me  not  only  to  ascertain  the 
situations  in  which  the  calculi  were  found,  but  likewise  many 
of  the  circumstances  attendant  on  their  formation. 

I  have  therefore  endeavoured  to  form  an  arrangement 
upon  these  principles,  with  a  view  to  render  the  subject 
more  clear  and  perspicuous. 

Section  T. 

Of  Calculi  formed  in  the  Kidneys,  and  voided  without  having 

afterwards  undergone  any  Change  in  the  urinary  Passages, 

These  have  the  following  properties  : 

They  are  of  a  brownish  yellow  colour,  sometimes  of  a 
grayish  hue,  which  seems  to  arise  from  a  small  portion  of 
dry  mucus  adhering  to  their  surface. 

They  are  entirely  soluble  in  a  solution  of  pure  potash,  and 
during  their  solution  they  seldom  emit  an  odour  of  ammonia. 

"When  heated  to  dryness,  with  nitric  acid,  the  residuum 
is  of  a  fine  and  permanent  red  colour. 

When  exposed   to   the   action  of  the   blow-pipe,    they 

*  From  Philosopliical  Traniactions  for  1808, 
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blacken  an^l  t  rnit  a  strong  odour  of  burning  animai  matter. 
very  diticrent  irom  that  of  pure  uric  acid.  This  arises  from 
a  variable  proportion  of  animal  matter  which  they  contain, 
and  which  occasions  the  loss  in  the  analysis  of  these  calculi. 
Tls  relative  qnaniity  is  liable  to  nuicli  variation,  as  may  be 
seen  from  the  followi^ng  statements, 

A  calculu?  from  the  kidney,  weighing  seven  grains,  was 
dissolved  in  a  solution  of  pure  potash.  A  quantity  of  mu- 
rialic  acid  (rather  more  than  sufficient  for  the  saturation  of 
the  potash)  was  added,  and  the  precipitate  of  uric  acid  thus 
obtained  weighed  when  dry  4*5  grains.  No  other  substance, 
ex  ept  animal  matter,  which  was  evident  on  attempting  to 
obtain  the  muriate  of  potash,  could  be  detected,  consequent- 
ly the  coipposition  of  this  calculus  was  as  follows  : 

Grs. 

Uric  acid         -         4*5 
Aninial  matter  2*.5 

7-0 

This  is  the  largest  proportion  of  animal  matter  which  1 
have  met  with. 

A  small  calculus  from  the  kidney,  weighing  3* 7  grains, 
afforded  by  a  like  treatment  3*5  grains  of  uric  acid,  so  that 
it  was  nearly  a  pure  specimen  of  that  substance. 
•  The  largest  calculus  of  this  kind  which  I  have  examined 
■wc'ghed  scvenieen  grains ;  much  larger  ones  have  been 
found,  but  there  is  no  evidence  of  their  not  having  remained 
in  the  urinary  passages  for  some  considerable  time.  Thus 
Dr.  Heberden  mentions  one  weighing  twenty-eight  grains*. 
It  often  happens  that  the  ingredients  are  not  united  toge- 
ther so  as  to  torm  a  calculus,  but  ate  voided  in  the  state  of 
a  hnc  powder,  commonly  termed  sand.  This  consists  either 
of  uric  acid,  or  of  the  anmioniaco-niagnesian  phosphate, 
alone,  or  with  the  phosphate  of  lime. 

I  am  induced  to  bel'evc  that  the  last-mentioned  substances, 
{ilthough  the  production  of  the  kidneys,  and  held  in  solution, 
arc  never  met  with  in  a  separate  state  till  the  urine  has  been 

•  Cojnmcut.  on  the  Hist,  and  Cure  of  Diseases,  3d  edit.  p.  8t;. 

at 
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at  rest,  and  therefore  calculi  from  the  kidneys  arc  never 
conjposed  of  the  phosphatt-s. 

In  a  few  instances,  calculi  from  the  kidneys,  composed  of 
-oxalate  of  lime,  are  voided;  but  this  is  a  very  rare  occur- 
rence:  of  three  preserved  in  the  Hunterian  collection,  two 
are  extremely  small  and  hard,  having  an  appearance  of  being 
made  up  of  several  smaller  calculi,  of  a  dark  brown  colour. 
The  third  is  of  the  size  of  a  small  pea,  its  surface  smooth, 
and  of  a  gray  colour,  and  not  very  hard. 

Skction  TI. 
Of  Caladl  which  haue  leen  retained  in  the  Kidney. 
When  one  or  more  of  the  calculi   described  in  the  pre»- 
ceding  section  are  detained  in  the  infundibula  or  pelvis  of  the 
kidney,  it  frequently  happetis   that  they  increase  in  that  si- 
tuation to  a  considerable  size. 
This  increase  is  of  two  kinds. 

1.  Where  there  is  a  great  disposition  to  the  formation  of 
uric  acid,  the  calculus  consists  wholly  of  that  substance  and 
animal  matter,  so  as  Jrequently  to  form  a  complete  cast  of 
the  pelvis  of  the  kidney. 

2.  Where  there  is  lcs>  disposition  to  form  uric  acid,  the 
external  laminae  are  composed  of  the  amn-.oniaco-raagnesian 
phosphate,  and  phosphate  of  lime. 

In  one  instance,  a  small  uric  calculus  had  been  deposited 
in  the  kidney,  in  such. a  situation  that  its  upper  surface  was 
exposed  to  a  continual  stream  of  urine,  upon  which  beau- 
tiful crystals  of  the  triple  phosphate  had  been  deposited.  It 
would  therefore  seem,  that,  under  common  circumstances, 
a  stream  of  urine  passing  ^ver  a  calculus  of  uric  acid  has  a 
;endencv  to  deposit  the  phosphate  upon  it. 

Section  IH. 
Of  Calculi  of  the  urinary  Bladder. 
Calculi  met  with  in  the  bladder  arc  of  four  kinds. 

1 .  Those  formed  upon  nuclei  of  uric  acid,  from  the  kidnev. 

2.  Those  formed  upon  nuclei  of  oxalate  of  lime,. from  ihe 
kidney, 

3.  Those  formed  upon  sand  or  animal  mucus,  deposited 
in  the  bladder, 

4.  Those 
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4.  Those  formed  upon  extraneous  bodies  introduced  into 
the  bladder. 

They  were  arranged  umler  the  following  divisions. 

1.  Calculi,  which  from  their  external  appearance  consist 
chiefly  of  uric  acid. 

These  calculi  vary  in  colour  from  a  deep  reddish  brown, 
to  a  pale  yellowish  brown. 

They  are  either  entirely  soluble  in  a  solution  of  pure  pot- 
ash, or  nearly  so. 

During  their  solution  they  frequently  emit  the  odour  of 
ammenia. 

When  acetic  acid  is  added  to  their  alkaline  solution,  a  pre- 
cipitate possessing  the  properties  of  uric  acid  is  obtained. 

2.  Calculi,  composed  chiefly  of  the  ammoniaco-magnesian 
phosphate,  orof  phosphate  of  lime,  or  of  mixtures  of  the  two. 

These  calculi  are  externally  of  a  whiter  appearance  than 
the  former. 

Some  perfectly  white,  others  gray,  occasionally  exhibiting 
small  prismatic  crystals  upon  their  surface;  oi hers  again  soft 
and  friable,  a  good  deal  resembling  chalk.  They  are  further 
characterized  by  their  solubility  in  dilute  muriatic  acid. 

3.  Calculi,  containing  oxalate  of  lime  ;  commonly  called 
ir.ulberry  calculi. 

These  are  distinguished  by  the  difficulty  with  which  they 
dissolve  in  dilute  acids,  by  their  hardness,  and  by  leaving 
pure  lime,  when  exposed  to  the  action  of  the  blowpipe. 

In  the  examination  of  these  calculi,  I  was  struck  with  the 
small  number  of  those  strictly  belonging  to  the  first  division, 
having  been  led,  from  the  account  of  Fourcroy  and  Vau- 
quelin*,  and  the  experiments  of  Dr.  Pearsonf,  to  believe 
that  calculi  composed  of  pure  uric  acid  were  by  no  means 
unfrequent. 

The  greater  number  of  the  calculi  examined  by  the  former 
chemists,  are  stated  to  be  completely  solul)le  in  the  iixed  al- 
kaline leys  ;  and  of  three  hundred  examined  by  Dr.  Pearson, 
a  large  proportion  is  said  to  consist  of  uric  acid. 

•  Aiuta'es  de  Chimie,  xixii.  p.  218. 

f  Philosophical  Transactions  for  1708,  p.  37. 

The 
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The  following  is  a  statetnenlof  the  composition  of  the  clif-p 
fcrent  calculi  found  in  the  bladder  which  I  have  examined. 
16  were  con)])osed  of  uric  acid. 

43 uric   acid  with  a  small  relative  pro- 
portion of  the  phosphates. 

GO ■■ the   phosphates,    with   a   relatively 

small  proportion  of  uric  acid. 

12 of  the  phosphates  entirely. 

3 of  uric  acid,  with  the  phosphates  and 

nuclei  of  oxalate  of  lime. 
6 chieHy  of  oxalate  of  lime. 

150 

To  injure  these  calculi  as  little  as  possible,  they  were  care- 
fully cut  throui'h  with  a  fine  saw,  and  a  portion  of  the  whole 
cut  surfa'^e  removed  by  a  file;  in  this  way  all  the  different 
ingredients  of  Mie  calculi  were  obtained. 

In  the  experiments  ujjon  uric  calculi  from  the  bladder,  I 
found  in  most  instance?,  a  far  njore  considerable  loss  in 
atiemptmg  to  c-btain  their  pure  uric  acid,  than  in  the  kidney 
calculi  ;  which  led  me  to  suppose  that  they  contained  urea, 
and  that  the  presence  of  this  substance,  with  some  of  the 
salts  of  urine,  and  with  small  portions  of  the  annnoniaco- 
jnagnesian  phosphate,  was  the  cause  of  the  occasional  evo- 
lution of  ammonia  when  treated  with  the  fixed  alkalis,  and 
of  their  easy  solubility  in  those  substances. 

To  determine  this  point,  a  small  calculus  weighing  twenty- 
five  grains,  and  of  the  species  commonly  supposed  to  consist 
of  urate  of  ammonia*,  was  digested  for  two  hours  with  water 
in  a  very  nioderate  heat.  The  water  which  had  assumed  a 
pale  yellow  colour  was  filtered  off,  and  fresh  water  added  to 
the  residuum  three  successive  times,  when  it  appeared  that 
every  thing  soluble  in  that  fluid  was  separated.  The  inso- 
luble part  of  the  calculus,  being  now  carefully  dried  and 
weiohed,  was  found  to  have  lost  5'5  grains. 


*  Fourcroy  observes  that  urate  of  ammonia  is  easily  detected  by  its  rapid 
solubiliiy  in  the  fixed  alkalis,  and  the  odour  of  ammonJa,  which  is  perceived 
during  its  solution. — Vide  Thcmscn's  Syst.  of  Chem.  yv-1.  v.  p.  091. 

The 


172       Oil  the  Diffaxnces  in  the  SlJuciure  of  Calculi. 

The  aqueous  solution  was  evaporated  by  a  gerjtie  heat, 
nearly  to  dryness,  and  a  substance  was  obtained  having  all 
the  properties  of  urea,  in  combination  with  a  small  portion 
of  muriate  of  ammonia,  and  of  the  ammoniaco-magnesian 
phosphate. 

Sixty  grains  of  another  calculus  of  a  considerable  size, 
supposed,  from  a  superficial  analysis,  to  consist  of  nearly 
pure  urate  of  ammonia,  were  digested  at  a  low  temperature 
in  one  ounce  of  alcohol.  In  an  hour  the  alcohol  was  de- 
canted off,  and  fresh  portions  were  added  successively,  as 
long  as  it  appeared  to  act  upon  the  calculus,  which,  after 
having  been  carefully  dried  in  a  temperature  below  212°, 
-weighed  54'8  grains,  so  that  5'2  grains  had  been  taken  up 
by  the  alcohol. 

On  evaporating  the  alcoholic  solutions,  a  substance  was 
obtained  having  all  the  properties  of  urea,  with  a  small  por- 
tion of  saline  matter,  probably  muriate  of  ammonia,  as  by 
the  addition  of  potash  a  slight  ammoniacal  odour  was  per- 
ceptible ;  its  quantity  however  was  too  minute  for  accurate 
examination. 

The  remaining  portion  of  the  calculus,  weighing  5-4'8 
grains,  was  treated  with  small  portions  of  acetic  acid,  by 
which  six  grains  of  the  animojiiaco-magnesian  phosphate 
were  obtained. 

The  part  of  the  Cwilcu!u=!  reniaining  after  this  treatment, 
weighiu'Z  ^'^•S  grains,  was  perfectly  soluble  in  a  solution  of 
pure  potash  ;  it  emitted  no  ammoniacal  odour  when  acted 
upon  by  the  alkali,  and  possessed  the  properties  of  pure  uric 
acid. 

The  following  therefore  is  the  composititni  of  this  calculus. 

Grains. 

Urea,  and  muriate  of  amnionia  3-2 

Ammoniaco-magnesian  phosphate      (3- 
Uric  acid  -  -  -IS-S 

60- 

from  these  and  many  siniilar  experiments  upon  other  cal- 
culi, hitherto  generally  supposed  to  consist  of  urate  of  am- 
inonia,  I  am  induced  to  believe  that   the  evolution   of  am- 

nionii^ 
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moiiia  depends  in  all  instances  upon  the  decomposition  of  the 
ammoniacal  salts  contained  in  the  calculus,  more  especially 
of  the  amnioniaco-magnesian  phosphate,  and  that  no  sab- 
stance  which  can  be  called  urate  of  ammonia  exists  in  calculi. 
The  mulberry  calculus  (oxalate  of  lime)  I  have  but  rarely 
met  uilh.  In  those, preserved  in  the  Fluntcrian  collection, 
there  is  a  large  relative  proportion  of  phosphate  of  lime,  and 
of  uric  acid.     The  purest  of  them  atiorded 

Grains. 

Oxalate  of  lime           -  65* 

Uric  acid           -           -  16- 

Phosphate  of  lime       -  13- 

Loss  in  aninial  matter  4* 


When  calculi  of  the  urinary  bladder  increase  to  a  very  large 
size,  they  arc  generally  composed  of  two  or  even  three  of  the 
abovementioued  varieties,  the  ammoniaco-maguesian  phos- 
phate being  situated  externally,  and  in  the  greatest  abundance. 

The  largest  calculus  which  I  have  seen,  weighed,  when 
recently  removed  from  the  bladder,  twenty-three  ounces  and 
twenty-six  grains.  It  consisted  of  a  large  mulberry  or  oxa- 
late of  lime  calculus,  the  nucleus  of  which  was  uric  acid, 
surrounded  by  a  considerable  quantity  of  the  animoniaco- 
magnesian  phosphate  in  a  very  pure  state. 

Another  very  large  calculus,  weighing  fifteen  ounces  and 
a  half,  consisted  of  a  nucleus  of  uric  acid,  enveloj^ed  in  the 
ammoniaco-magncsian  phosphate,  not  however  pure,  bui 
intersected  by  several  laminre  of  uric  acid. 

Four  distinct  substances  are  extremely  rare  in  calculi  ;  I 
have  seen  one  in  which  the  uric  acid,  the  ammouiaeo-mag- 
nesian  phosphate,  the  phosphate  of  lime,  and  the  oxalate  of 
lime,  were  all  in  perfectly  separate  and  distinct  layers. 

Four  calculi,  having  the  following  extraneous  substances 
for  their  nuclei,  were  examined. 

1.  A  common  garden  pea. 

2.  A  needle. 

3.  A  hazel  nut. 

4.  A  part  of  a  common  bougie. 

In  the  two  first  instances^  the  calculou?  depositions  were 

of 
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of  a  pale  gray  colour,  inclining  to  white  ;  soft  and  friable  ia 
their  texture,  and  entirely  soluble  in  muriatic  acid. 
The  composition  of  the  first  was  as  follows  : 

Grains. 

Phosphate  of  lime  -  -         65'  ' 

Amnioniaco-magnesian  phosphate      28* 
Losi  _  -  -  7* 

100- 

Of  the  second  : 

Phosphate  of  lime           -           -  45; 

Ammoniaco-n)agucsian  phosphate  38- 

Oxalate  of  lime             -             -  12- 

Loss                -               "              -  b' 

100-* 

The  deposition  of  calculous  matter  upon  the  bougie  was 
covered  with  blood,  and  in  very  small  quantity,  the  bougie 
having  been  removed  by  an  operation  soon  after  it  had 
passed  into  the  bladder.  It  appeared  to  consist  chiefly  of 
phosphate  of  lime. 

The  incrustation  upon  the  hazel  nut  was  also  destitute  of 
uric  acid. 

Section  IV. 
Of  Calculi  of  the  Urethra. 

All  those  that  were  examined  had  escaped  from  the  bladder' 
while  very  small,  and  had  afterwards  lodged  in  the  membra- 
nous part  of  the  urethra,  where  they  had  increased  in  size, 
and  formed  a  cavity  in  which  they  were  niorc  or  less  embedded. 

Two  of  these  calculi  were  broken. 

The  fragments  consisted,  in  one  instance,  of  ammoniaco- 
magnesian  phosphate,  and  phosphate  of  lime,  with  a  small 
portion  of  uric  acid:  and  in  the  other  the  fragmeuis  were 
composed  entirely  of  the  ammoniaco-magnesian  pliosphate. 

The  third  calculus  was  of  a  very  remarkable  appearance; 
lis  form  being  that  of  a  perfect  sphere,  about  half  an  ir.ch  in 
tliaineter.  It  was  coated  with  small  but  very  regular  crystals 
of  the  triple  phosphate  in  its  purest  state.  On  account  of  the 

•  It  appears  that  ia  this  case  there  had  been  an  accidental  dispobition  to 
tic  lonnation  of  oxalr.tc  of  liir.e. 

sinct-ilaritv 
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singularity  of  the  form  and  external  appearance  of  this  cal- 
culus, it  was  not  sawn  through  ;  the  nucleus,  in  all  proba- 
bility, is  a  small  kidney  calculus,  which  lodging  in  the  ure- 
thra has  become  coated  with  triple  phosphate. 

Skction  V. 
Analysis  of  Calculi  from  other  Animals. 
1.  Thk  Horse. 

A.  Froin  the  kidney. 

A  very  large  calculus,  from  the  kidney  of  a  horse,  was 
composed  of 

Phosphate  of  lime  -         76* 

Carbonate  of  lime  -  22* 

98- 

B.  From  the  Madder. 

This  calculus  was  also  of  a  large  size,  its  weight  when  per- 
fectly dry  nine  ounces  and  a  half,  its  external  surface  very 
irregular,  of  a  reddish  brown  colour,  and  covered  with  minute 
crystals  of  theammoniaco-magnesian  phosphate.  On  making 
a  section  of  it,  the  internal  structure  exhibited  a  radiated  ap- 
pearance, and  was  of  a  light  brown  colour.  It  consisted  of 
Phosphate  of  lime  -  -         45- 

Ammoniaco-mngncsian  phosphate      28* 
Animal  matter  -  -  15* 

Carbonate  of  lime         -  -         10* 

DS- 

In  another  case  the  bladder  of  a  horse  was  found  to  be 
nearly  full  of  sand,  the  composition  of  which  was  as  follows; 
Phosphate  of  lime        -  60- 

Carbonate  of  lime       -         40- 

100- 

2.  The  Ox. 

A  number  of  small  calculi  from  the  size  of  a  pea  down- 
wards, are  not  unfrequently  found  in  the  bladder  of  the  ox. 
Those  in   the  Hunterian  collection  are  of  a  pale  brown  co- 
lour, and  of  the  size  just  mentioned  ;  some  of  them  have 
.    the  mulberry  appearance,  .    ■  • 

They 
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They  consiNt  of  carbonate  of  litne  and  animal  matter, 
which  last  substance  retains  tiic  form  of  the  calculus,  after 
it  has  been  acted  upon  by  diluted  acids. 

3.  The  Shkkp. 

A  calculus  from  the  kidney  of  a  sheep  was  composcil  of 
Phosphate  of  lime       -         72* 
Carb()n:ite  of  lime       -         20* 
Animal  matter  -  8' 

100- 

4.  The  Rhinoceros. 

The  urine  of  this  animal  is  exceedingly  turbid  at  the  time' 
it  is  voided,  and,  when  allowed  to  remain  at  rest,  deposit* 
a  very  large  proportion  of  sediment,  which  consists  of  car- 
bonate of  lime,  with  small  portions  of  phosphate  of  lime 
and  animal  matter. 

5.  The  Dog. 

A  lar<>-e  calculus  from  the  bladder  of  a  dog  twenty  years 
old,  weighing  sixteen  ounces,  was  extremely  hard,  and  of 
a  t^ray  colour  ;  when  cut  through,  it  exhibited  a  nucleus 
about  the  size  of  a  hazel  nut,  partly  made  up  of  concentric 
lavcrs  of  phosphate  of  lime,  and  partly  of  crystals  of  the 
ammoniaco-magnesian  phosphate.  The  part  of  the  stone 
surrounding  the  nucleus  consisted  of 

Phosphate  of  lime  -  -         6\' 

Ammoniaco-magnesian  phosphate      30. 
Animal  matter  -  -  C. 

100. 

Sand  taken  from  a  dog's  bladder  was  of  a  gray  colour, 

and  contained 

Carbonate  of  lime        -  20* 

Phosphate  of  lime       -         bO' 

100- 

f).  The  ITog. 

A  calculus  from  the  bladder  of  this  animal  weighed  nine- 
teen drachms  ;  it  was  of  a  pale  gray  colour  inclining  to 
vhite,  and  so   hard  that  it  was  with  difficultv  cut  through. 
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Its  interna!  structure  was  uniform^  and  there  was  no  ap- 
pearance of  a  nucleuo.     It  was  composed  of 
Carbonate  of  lime        -         90* 
Animal  matter  -  10* 

1 00' 
7.  The  Rabbit. 

A  calculus  from  ihe  rabbit's  bliddcr  weighing  four  drachms, 
was  of  a  dark  gray  colour,  and  appeared  as  il  composed  of 
several  smaller  calculi.     It  consisted  of 
Phosphate  of  lime 
Carbonate  of  lime 
Animal  matter 

[To  be  continued.] 

XXX.  Tal'les  exhibiting  a  ccilhctive  Flew  of  all  th°  Fri- 
gorifc  Mixtures  coma'med  la  Mr.  Walker's  PahUca- 
tion,   1808. 

To  Mr.  Tllloch. 
sin, 

It  will  be  found,  on  comparing  the  tables  in  the  various 
publications  that  have  noticed  the  subject  of  artificial  cold, 
(Cavallo's  Experimental  Philosophy  excepted,)  with  the  fol- 
lowing tables;  or  with  the  tables  in  the  Philosophical  Trans- 
actions, where  the§e  experiments  originally  appeared,  that  se- 
veral errors,  respecting  the  effects  of  the  frigorific  mixtures, 
have  happened.  An  error  of  this  kind  in  one  instance,  viz. 
in  the  ninth  mixture,  of  the  first  table,  is  no  less  \hzn  forty- 
two  degrees  ;  the  result  in  that  instance  being  — 21°,  whereas 
in  the  copied  tables  it  is  rendered  21°. 

This  error  seems  to  have  arisen  from  the  person  who  co- 
pied the  tables  from  the  Philosophical  Transactions,  or 
my  publication,  originally,  jjaving  overlooked  the  minus  cha- 
racters expressed  in  Table  I.  altogether. 

Various  other  errors,  likewise,  will,  on  examination,  be 
detected,  particularly  in  ihejirst  four  mixtures  of  Table  II. 

Desirous  that  these  errors  should  be  corrected  in  future 
publicativons,  [  have  taken  the  liberty  of  addressing  thisto  you, 
with  a  genuine  copy.     I  am,  sir,  your  obedient  servant, 

^ueen-Street,  Oxford,  Ro.  WaLKER. 

Nov.  13,   1809. 

Vol  32.  No.  IQ6,  Nov.  1808.  M  Tails 
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Table  T. 
1  his  Tabic  consists  of  fngc)iilic  mixtures,  having  the  powef 
o^ generating    or  creating  cold,  uiikout   the  aid  of'  ice, 
sufficient  for  all  useful  and  philosophical  purposes,  in  any 
part  of  the  world,  at  any  season* 

FrijTorific  Mixtures,  wilhmit  Ice. 


Mixtures. 

Thcrmviiuter  sinks. 

Decrees  of  culcl 
pioduced. 

Muriate  of  ammonia    . 
Nitrate  of  potash    .... 
Water 

5  parts 
16 

From +  500  to  +  joo 

40 

Aluriate  of  ammonia    . 

Nitrate  of  potash     

Sulphate  of  soda    

Water 

5  parts 

8 
Ifi 

From  +  50"  to  +  4°. 

46 

Nitrate  of  ammonia     . 
Water 

1   part 

X 

From  +  50'>  to  +  4°. 

4G 

Nitrate  of  ammonia    . . 
Carbonate  of  soda    .... 
Water         

1  part 

1 
1 

From  +  50»to  — 7^. 

57 

Sulphate  of  soda     

Diluted  nitric  acid     . . . 

3  parts 
2 

From  +  50°  to  —  :1°. 

53 

Sulpliatc  of  soda   ..... 
Muriate  of  ammonia  . . 

Nitrate  of  potash   

Dihited  nitric  acid    . . . 

6  parts 
4 

4 

From +  50"  to —10" 

GO 

Sulpliate  of  soda  . 

Nitrate  of  ammonia    . . 
Diluted  nitric  acid  .... 

(j  parts 
4 

From  f  50" to—  14". 

«4 

Phosphate  of  soda 

Diluted  nitric  acid 

9  parts 
4 

From  +  50°  to  —  1  'J°. 

62 

Fho'^phateofsoda 

Nitrate  of  ammonia    . . 
diluted  nitric  acid  .... 

9  parts 

6 

4 

From  +  50"  to  — '_'!". 

71 

Sulphate  of  soda    

Muriatic  acid     

a  parts 

From  +  50"  to  0". 

50 

Sulphate  of  soda 

1  Diluted  suiphoric  acid 

r)  parts 
4 

From  +  50"  to  +  .S". 

47 

N.B.  If  the  materials  are  mixed  at  a  luariner  temperature 
than  that  expressed  in  the  tabic,  tlie  cfltct  will  he  propor- 
tionably  oT/Y?/er :  thu?,  if  the  most  powerful  of  these  mix- 
tures be  made  when  the  air  is  +  b3",  it  will  snik  the  ther- 
inomclcr  to  -f  -j". 
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fnhle  TI. 

This  Table  Consists  of  frigorific  mixtures,  coinposed  of 
with  chemical  salts  and  acids. 


Frigorific  Mixtures,  ivlth  Ice. 


Mixtures. 

Thermometer  sinks. 

Dr;;recs  of  cold 
produced. 

Snow,  or  pounded  ice, 
Muriate  of  soda    

2  parts 

1 

S 

1 

=^ 
5 
S 

o 

to -50 

» 

Snow,  or  pounded  ice, 

Muriate  of  soda     

Muriate  of  ammonia    . 

5  parts 

1 

to  — 120 

«• 

Snow,  or  pounded  ice, 

Muriate  of  soda    

Muriate  of  ammonia    . 
Nitrate  of  potash    

24  parts 
10 
5 

> 

to—  180 

* 

Snow,  or  pounded  ice, 

Muriate  of  soda    

^;itrate  of  ammonia   .. 

12  parts 
5 
5 

to  —  250 

* 

3  parts 

From  +  32"  to  —  23° 

5J 

Diluted  sulphuric  acid 

3  parts 
5 

From  +  520  to  —  27» 

59 

Muriatic  acid    

Snow    ....                .    , 

7  parts 
4 

From  +  32<*  to  —  30^ 

62 

Diluted  nitric  acid    . . . 

Snow    

Muriate  of  lime    

4  parts 

From  +  32"  to  —  40*^ 

72 

Snow    

Cryst.  muriate  of  lime 

2  parts 
3 

Prom  +  320  to  —  50' 

82 

Snow    

3  parts 
4 

From  +  320to  — 510 

83 

N.B.  The  reason  for  the  omissions  in  the  last  column  of 
this  table  is,  the  thermometer  sinking  in  these  mixtures  to 
the  degree  mentioned  in  the  preceding  column,  and  neijcr 
lotrcr,  whatever  may  be  the  temperature  of  the  materials  at 
mixin'z:. 


Ms 
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Talk  III. 

'Jlils  Tabic  consists  of  IVigorific  mixtures  selected  from  the 
foregoing  tables,  and  comhinedy  so  as  to  Increase  or  extend 
cold  to  the  extremest  deg-rees. 


Comhbiations  of  Frifrorific  Mixtures. 


Mixtures. 

T'^ermometer  sinks. 

D(,srrt>';  of '■■A; 
'-■ri'ind. 

34 

Phosphate  of  soda    .,. 
Nitrate  of  amnioaia    . . 
Diluted  nitric  acid 

5  parts 
4 

From  0"  to  —  3-}" 

Pliospliateof  soda    .. . 
Nitrate  of  ammonia   . . 
Diluted  mixed  acid?    . . 

5  parts 
4 

From — 34"  to  —50' 

IG 
4G 

Snow    

Diluted  nitric  3cid    ... 

:}  parts 
2 

From  0"  to  —  46° 

Snow    

8  parts 

3} 

From  —  10'' to — 36' 

46 

DiiiiteW  sulphuric  acid 
Diluted  nitric  acrd    . . . 

Snow    . 

1  part 

From  —  20"  to  —  60^ 

40 

Diluted  su]i{>huric  acid 

Snow   

Muriate  of  Kiiie    

?,  parts 

From +  20"  to  — 48" 

GS 

Snow 

3  parrts 
4 

From+  iO'to  —54" 

64 

Muriate  of  lime 

Snow    

Muriate  of  lime 

2  parts 
3 

From—  15"  to  — 68" 

53 

Snow    

Cryst.  muriate  (if  time 

1  part 
2 

From  0°  to  —  66" 

66 

Snow                              . 

1  part 
3 

From  —  40"'  to  —  73" 

33 

Cryst.  muriate  of  lime 

Snow 

8  parts 
10 

From  — fifl^to  — 91" 

23 

Diluted  sulphuric  acid 

N.B.  The  materials  in  the  first  columri  arc  to  be  cooled, 
picviously  to  mixing,  to  the  temperature  required,  by  niLx- 
tiires  taken  from  cither  of  the  prteeding  tables. 
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X  HE  Second    Part  of  the  Philosophical  Transactiorjs  has 
made  its  appearar.ce.     The  following  are  its  contents  : 

12.  Observations  of  a  Comet,  inade  with  a  View  to  in- 
vestigate its  Magnitude  and  the  Nature  of  its  Illumination. 
To  which  is  addedj  an  Account  of  a  new  Irregularity  lately 
perceived  in  the  apparent  Figure  of  the  planet  Saturn.  By 
William  Herschel,  LL.D.  F.R.S.— 13.  Hydraulic  Investi- 
gations, subservient  to  an  intended  Croonian  Lecture  on  the 
Motion  of  the  Blood.  By  Thomas  Young,  M.D.  For.  Sec. 
R.S. — 14.  A  Letter  on  the  Alterations  that  have  taken  place 
in  tiie  Structure  of  Rocks,  on  the  Surface  of  the  basaltic 
Country  in  the  Counties  of  Derry  and  Antrim.  Addressed 
to  Hinnphry  Davy,  Esq.,  Sec.  R.S.  By  William  Richard- 
son, D.D. — 15.  A  Letter  on  the  Differences  in  the  Struc- 
ture of  Calculi,  which  arise  from  their  being  formed  in  diffe- 
rent Parts  of  the  urinary  Passages ;  and  on  the  Effects  that 
are  produced  on  them,  by  the  internal  Use  of  solvent  Medi- 
cines, from  Mr.  William  Brande,  to  Everard  Home,  Esq., 
F.R.S. — 16.  Some  Observations  on  Mr.  Brande's  Paper  on 
Calculi.  By  Everard  Home,  Esq.,  F.R.S. — 17.  On  the 
Changes  produced  in  Atmospheric  Air,  and  Oxygen  Gas, 
by  Respiration.  By  W.  Allen,  Esq.,  F.R.S.,  and  W.  H. 
Pepys,  Esq.,  F.R.S. — 18.  Descrij)tion  of  an  Apparatus  for 
the  Analysis  of  the  Compound  Inflammable  Gases  by  slow 
Combustion ;  with  Experiments  on  the  Gas  from  Coal,  cx- 
plainuig  its  Application.  By  William  Henry,  M.D.,  Vice- 
Pres.  of  the  Lit.  and  Phil.  Society,  and  Physician  to  the  In- 
firmary, at  Manchester.  Communicated  by  Humphry  Daw, 
Esq.,  Sec.  R.S. — 19.  An  Account  of  some  Peculiarities  in 
the  anatomical  Structure  of  the  Wombat,  with  Observations 
on  the  Female  Organs  of  Generation.  By  Everard  Homo, 
Esq.,  F.R.S. — '20.  On  the  Origin  and  Office  of  the  Albur- 
num of  Trees.  In  a  Letter  from  T.  A.  Knight,  Esq.,  F.R.S. 
to  Sir  Joseph  Banks,  Bart.,  K.B.,  P.R.S.— 21.  Eclipses  of 
the  Satellites  of  Jupiter,  observed  by  John  Goldinghani, 
Esq.,  F.R.S..  and  under  his  Superinicndance,  at  Madras, 
M  3  in 
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in  the  East  Indies.-T-22.  Electro-Chemical  Researches  ou 
the  Decomposition  of  the  Earths;  with  Observations  on  the 
Metals  obtained  from  the  alkaline  Earths,  apd  on  the  Amal- 
gam procured  from  Ammoqla.  By  Humphry  Dnvv,  Esq., 
Sec.  R.S.,  M.R.I.A. 

The  Ninth  Volume  of  the  Transactions  of  the  Linnean  Sor 
cietyis  published,  and  the  following  are  the  contents: 
1 .  I'he  Genus  i\pioi\  of  Herbst's  Natursybtem  con-;idered, 
Its  Characters  laid  down,  and  many  of  the  Species  descril)ecr. 
By  the  Rev.  William  Kirby,  F.L.S — 2.  Description  of  se- 
veral Marine  Animals  Ibund  on  the  South  Coast  of  Devon- 
shire. By  George  Montagu,  Esq.,  F.L.S. — 3.  An  Account 
of  the  Indian  Badger;  the  Ursus  indicus  of  Shaw's  Zoology. 
By  Lieutenant  Colonel  Thomas  Harclwicke,  F.L.S. — 4.  A 
Botanical  Sketch  of  the  Genus  Coiichium.  By  James  Ed- 
\vard  Smith,  M.D.  F.R.S.  P.L.S.~5.  AlU  Inquiry  into  the 
Genus  of  the  Tree  called  by  Pona  Abelicea  cretica.  By  James 
"Edward  Smith,  M.D.  F'.R.S.  P.L.S.— 6.  An  Inquiry  into 
the  real  Daucus  Gingldium  of  Linnaeus.  By  James  Edaard 
Smith,  M.D.  F.R.S.  P.L.S.— 7-  Descriptions  of  EightNew 
•British  Lichenfj.  By  Dawson  Turner,  Esq.,  F.R.S.  A.S. 
and  L.S.— :8.  An  Illustration  of  'the  Species  of  Lycium 
which  grow  wild  at  the  Cape  of  Good  Hope.  By  Sir  Charles 
Peter  Thunberg,  Knight  of  the  Order  of  VVasa,  Professor 
of  Botany  at  Upsal,  F.M.L.S. — 9-  Some  Observations  on 
an  Insect  that  destroys  the  Wheat,  supposed  to  be  the  U'irc- 
worm.  By  Thomas  Walford,' Esq.,  P\A.S.  and  L.S.  ^^'llh 
an  additional  Note,  by  Thomas  MaVshan),  Esq.,  Treas.  L.S. 
— 10. An  Account  of  the  larger  and  lesser  Species  of  Horse- 
shoe Bats,  proving  them  to' be  distinct;  together  with  a 
Description  of  Vespertilio  Barbastellu?,  taken  in  the  Sontfi 
of  Devonshire.  By  George  Montagu,  Esq.,  F.L.S.— 11.  De- 
scription of  two  iiew  Species  oi  Didclphis  from  Van  l3ie- 
inen's  Land.  By  G.  P.  Harris,  Esq.  Communicated  by  the 
Ri"!it  Honourable  Sir  Joseph  Ranks,  Bart.  K.P.  Pres.  R.S. 
H.M.L.S. — 12.  Description  of  a  Species  of  Dmioipha.  By 
Edward  Rudge,  E«(j.,  r.R  S.  and  L.S. — 13.  Some  intercst- 
iu"  Additions  lo  the  Naluial  History  ot  Falco  cy;inius  and 

pygargus, 
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pygargus,  together  with  Remarks  on  some  other  British 
Birds.  By  George  Montagu,  Esq.,  F.L.S. — 14.  An  Ac- 
count of  some  new  Species  oF  Piper,  with  a  few  cursory 
Observations  on  the  Genus.  By  Mr.  John  \'auc^han  Thomp- 
son. Comniunicatcd  by  tije  Right  Hon  Lord  Scat'orth,  F.R.S. 
and  L.S. — 15.  An  Inquiry  into  the  Structure  of  Seeds,  and 
especially  into  the  true  Nature  of  that  Part  called  by  Gart- 
ner the  Vitcllus.  By  .Tames  Edward  Smith,  M.D.  F.R.S. 
P.L.v*^. — 16.  Observations  on  Nauclea  Gambir,  the  Plant 
producing  the  Drug  called  Gutta  Gambeer,  with  Characters 
of  two  other  Species.  By  William  Hunter,  Esq.,  Secretary 
to  the  Asiatic  Society.  Communicated  by  the  I'resident. — 
17.  Observations  respecting  several  British  Species  of  Hiera- 
cium.  By  James  Edward  Smith,  M.D.  F.R.S.  P.L.S.— 
IS.  Specific  Characters  of  the  Decandrous  Papilionaceous 
Plants  of  New  Holland.  By  .Tames  Edward  Smith,  M.D. 
F.R.S.  P.L.S.— U).  On  the' Variegation  of  Plants.  In  a 
Letter  to  Richard  Anthony  Salisbury,  Esq.,  F.R.S.  and  L.S. 
By  Thomas  Andrew  Knight,  Esq.,  F.R.S.  and  L.S. — 20. 
Characters  of  Hookeria,  a  new  Genus  of  Mosses,  with  De- 
scriptions of  Ten  Species.  By  James  Edward  Smith,  M.D. 
F.R.S.  P.L.S. — 21.  Description  of  Notoclea,  a  new  Genus 
of  Coleopterous  Insects  from  New  Holland.  By  Thomas 
Marsham,  Esq.,  Tr.  L.S. — 22.  Some  Remarks  on  the 
Plants  now  referred  to  Sophora,  with  Characters  of  the 
Genus  Edwardsia.  By  R.  A.  Salisbury,  Esq.,  F.R.S.  and 
L.S. — 23.  Characters  of  Platylobium,  Bossisca,  and  of  a 
new  Genus  named  Poiretia.  By  James  Edward  Smith,  M.D. 
F.R.S.  P.L.S. — 2^1.  Musci  Nepalenses  ;  or  Descriptions  of 
several  new  Mosses  from  Nepal.  By  William  Jackson 
Hooker,  Esq.,  F.L.S. — 25.  Extracts  from  the  Minute- 
Book  of  the  Linncan  Society  of  London. — Catalogue  of  the 
Library  of  the  Linnean  Society. — List  of  Donors  to  the 
Library  of  the  Linnean  Society. 

The  Chemliol  Catechism,  ivifh  Notes,  Ilt?tstrathms,  and 
Experiments.  By  Samuel  Parkes,  Gtnerdl  Matwfac- 
turtug  Chemist.  8vo.   Third  Edition. 

We  have  before  had  occasion  to   commend  this  work,  as 
jNl  4  beuicr 
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being  we!]  calculated  to  initiate  yoiins;  people  into  a  know- 
ledge of  the  subject  of  which  it  treats.  The  lavourable  re- 
ception it  has  had  with  the  public,  justifies  the  opinion  we 
gave  of  the  former  editions.  The  present  one  has  fresh 
claims  to  praise.  We  have  examined  it  with  some  degree 
of  care,  and  are  happy  to  find  that  the  author's  industry  has 
kept  pace  with  the  discoveries  that  have  been  made  in  thi;* 
iiiterestmg  and  useful  branch  of  knowledge.  Parents  and 
teachers  will  derive  assistance  from  this  work,  in  their  efforts 
to  impress  upon  young  minds,  along  with  what  is  highly 
amusing  and  gratifying  to  an  incjuisiiive  pupil,  some  idea>! 
of  that  power,  wisdom  and  goodness  which  pervades  the 
universe — an  aim  of  which  the  author  seems  never  to  liave 
lost  sight  throughout  his  pages. 

Review  of  Publkation.'i  of  yirf.  Nos.  1,  2,  and  3. 

The  above  is  the  title  of  a  quarterly  publication  confess- 
edly written  as  a  successor  to  The  Artist,  a  periodical  work 
which  has  now  ceased,  and  from  which  we  recently  pre- 
sented the  readers  of  the  Philosophical  Magazine  with  some 
interesting  Essays. 

The  editors  of  the  Review  now  liefore  us  have  ably  taken 
up  the  functions  of  their  predecessors  in  The  Artist,  and  it 
is  but  justice  to  give  it  as  our  opinion,  that  hitherto  their 
labours  have  been  distinguished  by  sound  judgenjent,  and 
more  than  con)mon  critical  acumen.  Hieir  zeal  for  the  en- 
couragement of  the  imitative  arts  is  evident  from  the  in- 
trepid manner  in  which  they  discharge  what  they  ciinceive 
to  be  their  duty,  in  censuring  the  tendenc^y  of  modern  artists 
to  flatter  the  prevailing  prejudices  of  fashion  at  the  expense 
of  true  taste  and  sound  judgement. 


XXXII.  Proceedings  of  Learned  Societies. 

ROVAL    SOCIKTV. 

J.  HIS  society  assembled  after  the  sunmior  vacation  on 
Thursday,  Nov.  1 0th,  1808,  the  right  hon.  Sir  Joseph  Hanks, 
president,  in  the  chair.     The  secretary  read  a  sunjmarv  of 

M.  de 
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M.  de  Luc's  paper  oi!  the  acuoti  of  cicctricitvaiul  galvanism^ 
or  the  electroscopicnl  agency  of  electric  and  galvanic  mat- 
ter. In  this  paper  M.  de  Luc  proved  that  neither  electricity 
nor  galvanism  have  any  chemical  action  unless  when  com- 
bined with  other  bodies  :  that  the  galvanic  and  electric  fluid 
are  essentially  the  same,  as  zinc  has  the  greatest  affinity 
for  electricity,  and  silver  next  to  it;  so  that,  when  these  two 
metals  are  separated  by  moistened  paper,  the  reciprocal  elec- 
tric attraction  is  called  into  action,  in  the  same  manner  a$ 
by  the  fricijn  of  the  electric  machine;  and  that  it  is  the 
action  and  re-action  ot  this  attraction  which  have  given 
tir-th  to  the  appeilalion  of  po;iiive  and  negative  electricity. 
The  simple  electric  or  galvanic  fluid,  he  aiso  s,tated,  passes 
through  bodies  without  producing  anv  ciiemical  changes, 
unless  the  bodies  were  previously  prepared  and  the  electricity 
highly  concentrated. 

November  17 — 24.  The  Croonian  lecture  on  the  muscles 
of  the  heart  and  the  motion  of  the  blood,  by  Dr.  Young, 
(Foreign  Sec.  R.  S)  was  read.  This  lecture  was  a  continua- 
tion of  the  auttjfor's  former  paper  on  the  motion  of  fluids  in 
elastic  or  flexible  tubes,  which  appears  in  the  first  part  of 
the  Transactions  of  the  present  year.  Dr.  Y.  took  a  view 
of  the  nature  of  fever,  and  its  eflfects  on  the  blood,  as  well 
as  of  blood-letting,  which  he  considered  as  generally  in- 
adequate to  produce  the  effect  intended.  He  also  gave  a 
theory  of  uiortification,  \\'hich  the  Germans  call  a-  "  cold 
burning." 

A  paper  by  Mr.  Childers  was  read,  containing  some  ob- 
servations and  experiments  on  the  most  ceconomical  means 
of  constructing  very  powerful  galvanic  batteries.  From  a 
number  of  experiments  performed  in  the  presence  of  Mr. 
Davy  and  others,  Mr.  Childers  concludes,  that  if  it  is  de- 
sired to  acton  substances  which  are  non-conduclors  of  gal- 
vanism, very  broad  plates  of  copper  anil  zinc  are  preferable  j 
but  if  on  substances  which  are  good  conductors,  then  nar- 
row plates  in  greater  numbers  will  be  found  most  conveni- 
ent :  the  former  continue  to  emit  fluid  for  forty-eight  hours, 
the  latter  for  a  much  shorter  time;  but  they  emit  it  much 
quicker,  and  arc  better  adapted  to  general  experiments.  Mr. 
2  C.  als9 
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C.  also  recoiiimc'iHls  the  having  the  plates  moveable  instead 
of  being  soldered  together,  as  the  trough  can  be  much  easier 
cleared  out  after  using  it.  He  reconiniends  to  make  the 
troughs  of  glass  or  Wedgwood's  ware^  in  preference  to  the 
Biaterials  hitherto  employed. 

WEIINEBIAN  NATURAL  HISTOUV  SOCIKTY. 

At  the  meeting  of  the  Wtrrnerian  N;nural  History  So- 
ciety, J  St  August,  Dr.  Jrimcs  Ogilby  of  Dublin  read  a  very 
interesting  account  of  the  mineralogy  of  East  Lothian,  which 
appeared  to  have  been  drawn  up  from  a  series  of  observa- 
tions, made  with  great  skill,  and  was  illustrated  by  a  suite 
•of  350  specimens  laid  uix)n  the  table.  As  the  county  is  in 
general  deeply  covered  with  soil,  and  profusely  clothed  with 
vegetables,  the  determination  of  the  diflerent  formations 
mast  have  been  a  work  of  considerable  labour;  and  the 
skill,  iudgement  and  j)er.severance  of  the  observer  must  have 
been  frefjuently  put  to  ilic  trial.  The  doctrr,  after  describ- 
ijisr  the  physiognomy  or  exlornal  aspect  of  the  countv,  ga\"e 
'5  particular  account  of  the  different  formations  of  which  it 
1b  composed.  They  are  as  follows: — ^Transition;  Indepen- 
dent Coal ;  Ne\ye6t  Floetztrap :  and  Alluvial.  When  de- 
scribing the  diflerent  transition  rocks,  he  alluded  particular- 
ly to  the  supposed  granite  of  Fassnct,  (described  by  profes- 
sor Plavfiir  ill  his  rilu.>rration«  of  the  Hutlonian  theory,) 
which  he  jiroved  to  be  a  stratilied  bed  of  transition  creen- 
^tone.  The  description  of  the  rocks  of  the  newest  floetz- 
-trap  formation  was  particularly  interesting,  not  only  on  ac- 
count of  the  beautiful  transitions  he  pointed  out,  but  also 
0S  it  proved  the  existence  of  a  considerable  tract  of  these 
rocks  in  Scotland,  where  their  occurrence  had  been  disput- 
ed. He  enumerated  and  described  the  following  men)bers 
of  this  formation: — trap-tuflf;  amygdaloid  :  clay-stone;  ba- 
salt; porphyry-hiate  ;  and  povj-'liyvy-slate  inclinuig  to  green- 
stone. Me  found  llie  trap-tulf,  which  is  a  loaise  mechani- 
cal clei>osite,  fornnng  the  lowest  member  of  the  series,  and 
.resting  imnu'diaicly  on  the  coal  -  formal  iou  :  on  this  tuft' 
/rests  amygdaloid  containing  fragments:  above  this  amyg- 
•  daloid  is  coniniou  amygdaloid  tree  of  fragments  j  this,  in 
«    'i.  iti 
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its  turn,  is  covered  with  basalt  :  the  basalt  trradually  passes 
into,  and  is  covered  with,  porphyry-slate  :  and  the  porphvrw 
slate,  in  some  instances,  appears  to  pass  into  greenstone, 
which  forms  the  uppermost  portion  of  the  formation  : — So 
that  we  have  tluis  a  beautiful  series  of  transitions  from  the 
coarse  mechanical,  to  fine  chemical ;  that  is,  iron)  trajvtufl" 
to  porphyry-slate  inclining  to  greenstone.  The  doctor  also 
remarked,  that  the  amygdaloid  contains  crystals  of  felspar 
which  have  an  earthy  aspect  j  the  basalt,  crystals  of  felspar 
possessing  the  characters  of  common  felspar;  and  the  por- 
phyry-slate, glassy  fels[)ar  ; — rfacts  which  coincide  with,  and 
are  illustrative  of  the  increasing  fineness  of  the  solution,  from 
the  oldest  to  the  newest  members  of  the  formation.  In  th^ 
course  of  his  paper,  the  docior  gave  disiinct  and  satisfac- 
tory answers  to  the  following  queries,  which  had  b^'cn  pro- 
posed by  professor  Jameson  :•— 1.  Does  the  Bass  rock  in  tli^ 
Frith  of  Forth  belong  to  the  newest  iloetz-trap  fornjation  ? 
Q.  Does  the  sicnitic  greenstone  of  Fassnet  in  K&til  I.othian 
belong  to  the  transition  rocks,  or  to  the  newest  floctz-trap 
formation  ?  3.  Are  the  geognostic  relations  of  the  porphyry- 
slate,  or  clinkstone-porphyry,  of  East  Lothian,  the  samp 
cas  in  other  countries?  The  doctor  announced  his  intention  of 
reading,  at  the  next  meeting  t)f  the  society,  a  dcscriplioij 
of  the  different  veins  that  occur  in  Fast  Lothian,  and  of 
giving  a  short  statcnient  ol'the  geognostical  and  oecoivJUii- 
cal  inferences  to  be  deduced  from  the  ajjpearances  which  he 
has  investigated  v/ith  so  nMch  care.  It  is  indeed  onlv  by 
investitrations  like  tiiose  of  Dr.  Ogilby,  that  v\e  obtain  anv 
certainty  respecting  the  mineral  trea^ures  of  a  country  ;  and 
such  alone  can  at^urd  us  data  for  a  legitimate  theory  of  ihe 
formation  of  the  globe, 

At  the  same  meeting,  a  cimimiinication  from  colonel 
Montagu  was  read,  describing  a  new  species  of  Fasciola, 
of  a  red  colour,  and  about  an  inch  l<mg,  which  sometimes 
lodges  in  the  tiacheaof  chickens,  and  which  the  colonel 
found  to  be  the  occasion  of  the  distemper  called  the-  gapes., 
so  fatal  to  these  useful  tenants  of  the  pouitrv-yard.  The 
knowledge  of  the  true  cause  of  this  malady  will,  it  it,  hoped, 
sooii  be  followed  by  the  discovery  of  a  specific  cure:  in  th^- 
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mean  lime,  :i  vcrv  simple  popular  remedy  is  employed  in 
Devonshire  :  ihe  meat  oF  the  chicks  (barley  or  oat  meal)  i^ 
merely  mixed  up  with  urine,  in  place  of  water,  and  this 
prescription  is  very  generally  attended  with  the  best  effects. 

At  the  meeting  of  this  Society  on  the  12th  of  November, 
iheRcv.  Andrew  Jameson,  minister  of  St.Mnngo,  Dumfries- 
shire, read  Observations  on  Meteorological  Tables,  with  3 
Description  of  a  new  Anemometer.  After  some  general 
remarks  on  the  importance  of  meteorological  observations, 
and  on  the  merits  and  defects  of  registers  of  the  weather, 
&c.  he  ponited  out  what  l^e  considered  to  be  the  best  form 
of  a  meteorological  journal,  and  then  described  the  external 
form  and  internal  structure  of  an  extensive  and  complete 
meteorological  observatory,  and  enumerated  about  twenty 
different  instruments  which  ought  to  find  a  place  in  every 
establishment  of  that  kind.  The  anemometer  which  he  de- 
scribed will,  by  a  very  simple  and  ingenious  arrangement  of 
parts,  enable  the  most  common  observer  to  ascertain  the  ve- 
locity of  the  wind  with  perfect  accuracy. 

At  the  same  meeting,  the  Rev.  John  Fleming,  F. A. S.'Kd., 
minister  of  Bressay  in  Shetland,  (who  has  for  some  time 
past  been  engaged  in  examining  the  mineralogy  of  ihobc 
lemotc  islands,)  comnnuiicattd  an  interesting  account  of  i!ie 
•jreo<?nostic  relations  of  the  rockc-  in  the  islands  of  (Jnst  and 
Papa  Stour. 

After  a  aeneral  account  of  the  position,  extent  and  exter- 
nal appearance  of  the  island  of  Unst,  he  next  described  the 
different  rocks  of  which  ii  is  composed,  in  the  order  of  their 
relative  antiquity,  and  rcniarkcd  that  their  general  position 
is  from  S.W.  to  N.E.  The  rocks  are  gneiss,  mica-slate, 
»;lay-s!ate,  limest(;ne,  hornblende-rock,  potstonc,  and  ser- 
■pentine.  The  "^wp/vs  in  some  places  appeared  to  alternate 
with  the  oldest  mica-slalc,  and  in  others  to  contain  beds  of 
hornblende-rock.  The  mica-slate,  which  is  the  most  abun- 
flant  rock  in  the  islai\d,  is  traversed  by  numerous  contem- 
poraneous veins  of  quartz,  and  also  of  felspar,  and  passes 
distinctly  into  clay-slate.  J  t  contains  beds  of  hornblenJe- 
jocV  and  of  limestone.  Tha  chy-slate  occurs  biit  sparing- 
'!>'•     The /.o/v/o«t  usually  accompanies  the  rcrpcntine.     The 

serpentine 
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Serp^tine  occurs  in  great  abundance,  in  heels,  in  the  oldest 
clay-slate  and  newest  mica-slate,  and  hence  must  be  referred 
to  the  oldest  or  first  Serpentine  formation  of  Werner. 

The  island  of  Pa[>a  Stour,  situated  on  tin:  west  coast  of 
the  Mainland,  (as  the  largest  of  the  islands  is  called,)  con- 
tains no  primitive  rocks,  but  appears  to  be  entirely  composed 
of  floetz  rocks.  These  are  conglomerate,  greenstone,  clay- 
stone,  porphyritic  stone,  hornstonc,  (perhaps  clinkstone, ) 
and  sandstone.  The  sandstone,  as  appears  from  observa- 
tions made  in  this  island  and  other  parts  of  Shetland,  pro- 
bably belongs  to  the  oldest  coal- formation  :  it  is  uniformly 
situated  below  the  other  rocks  abo^'e  mentioned. 

As  Mr.  Flcmins;  announced  his  intention  of  again  ex- 
amining the  whole  of  the  Shetland  islands,  and  of  construct- 
ing mineralogic:d  mans  of  them,  in  which  the  rocks  should 
be  laid  down  according  to  their  relative  antiquity  and  extent, 
much  valuable  information  may  be  expected. 

At  the  meeting  of  the  Society  on  the  19th  of  November, 
Mr.  Mackenzie,  jun.  of  Applecross  read  a  short  Account  of 
the  Coal-formation  in  the  Vicinity  of  Durham.  From  the 
precise  and  accurate  description  communicated  by  this  gen- 
tleman, the  rocks  appear  to  belong  to  the  oldest  coal-for- 
mation of  Werner.  During  the  course  of  his  observations 
he  explained  what  is  called  the  creep  by  miners,  and  exhi- 
bited specirnens  of  the  diflferent  rocks,  with  a  section  of  the 
coal-mine  of  Kipia,  in  which  both  the  miners'  and  the  sci- 
entific names  of  the  different  strata  were  inserted. 

At  the  same  meeting.  Dr.  Ogilby,  of  Dublin,  read  the 
continuation  of  his  Mineralogicnl  Description  of  East  Lo- 
thian, describing;  the  different  veins  which  he  observed  iu 
that  tract  of  country.  These  he  considered  as  of  three  dif- 
ferent periods  of  formation,  viz.  1.  Such  as  are  derived  from 
partial  formations  subsequent  to  the  flyetz-trap,which  areoF 
rare  occurrence }  2.  Veins  of  the  different  rocks  of  the  forma- 
tion penetrating  the  older  beds ;  and  3.  Those  of  contem' 
poraneous  origin.  He  then  enumerated  and  described,  ac- 
cording to  the  manner  of  Werner,  veins  of  greenstone, 
jasper,  quartz,  hcavv-spar,  and  calq-spar. 

A* 
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At  this  meeting,  also,  Mr.  P.  Ncill  read  an  account  of  a 
g;reat  Sea  Snake,  lately  cast  ashore  in  Orkney.  This  curioiiA 
animal,  it  appears,  was  stranded  in  Kothe&holmBay,  in  tho 
island  of  Stronsa.     Malcolm  Laing,   Esq.,  M.P.,  being  in 
Orkney  at  the  time,  communicated  the  circumstance   to  his 
brother,  Gilbert  Laing,   Esq.,  advocate  at  Edinburgh,  on 
whose  property  the  animal  had  been  cast.    Tlirough  thi&  au- 
thentic   channel  Mr.  Neill  received   his  iulormation.     The 
body  measured  nfty-tivc  feet  in  length,  and   the  circumfe- 
rence of  the  thickest  part  might  be  equal  to  the  girth  of  an 
Orkney  pony.     The  head  was  not  larger  than  that  of  a  seal, 
and  was  furnislied  with  two  blow  holes.     From   the  back  a 
number  of  iilaments    (rcgembrmg  in  texture  the    fishing- 
tackle  known   by  the  name    of  silk-worm  gut)  hung  down 
like  a  mane.   On  each  side  of  the  body  were  three  large  fins, 
shaped  like  paws,  and  jointed.     The   body   was  unluckily 
knocked  to  pieces  by  a  tempest ;  but  the  fragments  have 
been  collected  by  Mr.  Laing,  and  are  to  be   transmittcti  to 
the  museum  at  Edinburgh.     Mr.  Nelll  concluded  with  re- 
marking,  that  no  doubt  could  be  entertained  that  this  was 
the  kind  of  animal  described  by  Ramus,  Egede,  and  Pon- 
toppidan,    but   which  scientific   and    systematic   naturalists 
had  hitherto  rejected  as  spurious  and  ideal. 

DUBLIN    SOCIETY. 

A  letter,  dated  Manchester,  and  signed  John  Bradbury, 
was  laid  before  the  Society,  at  their  late  meeting,  stat- 
iuf  that  the  proprietors  of  the  Liverpool  Botanic  Garden 
had  resolved  on  forming  an  establishment  at  New  Orleans, 
America,  with  a  view  to  collect  the  plants  of  Kentucky  and 
Louisiana,  and  to  transmit  to  England  living  dujilicatcs  of 
the  plants  which  should  be  so  collected  and  nudtiplied  m 
such  establishment ;  and  desiring  to  be  informed  if  the 
Dublin  Society  would,  in  consideration  of  green  sirocimcns 
of  the  same,  contribute  to  the  expense,  their  quota  not  to 
exceed  lOOl.  per  annum. 

The  secretary  laid  before  the  Society  a  list  of  several  va- 
luable West  India  plant?,  presented  to  the  Society  by  captaiit 
Burudi. 

^     3  XXXIir.  /;;- 
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XX XI IT.    InlelUgence  and  JMisct'llaneous  Articles. 

ON  AIR.  KF.RR's  claims,    AND  ON  THE  NATURE  OF  TilF 

EARTHS. 

W  E  have  received  a  second  comiDuiiication  with  the  sig- 
nature O.,  and  bearing  the  above  title.  Had  it  come  with 
the  author's  name,  we  should  Jiave  given  it  insertion.  Biit 
v.e  cannot  permit,  in  our  paecs,  on  anonymous  authority, 
a  repetition  ot"  such  statements,  after  they  have  been  once 
answered.  An  honourable  assailant  (and  we  mean  not  to  in- 
sinuate that  O.  will  show  himself  otherwise)  can  have  no  ob- 
jection to  avow  himself.  If  O.  hesitate  to  give  his  ov\'n  name, 
he  cannot  be  surprised  that  we  should  hesitate  to  lend  ours. 

For  the  same  reason  we  must  refuse  insertion  to  a  com- 
munication signed  S.  To  this  communication  we  have  also 
to  object,  that  several  of  the  alleged  facts  are  incorrect,  and 
consequently  the  conclusions  unfounded. 

Another  correspondent,  A.  C,  has  sent  us  an  article  en- 
titled **  On  some  points  of  philosophical  criticism.'*  It  con- 
tains ren)arks  which  might  be  fair,  were  he  replying  to 
claims  set  up  by  Mr.  Kerr  liimselj\  but  which,  as  circum- 
stances stand  at  the  present  moment,  might  savour  of  illi- 
berality  touards  that  gentleman.  Impartiality  therefore  de- 
mands that  we  refuse  this  anonymous  conmiunicalion  a  place 
in  our  Magazine. 

LECTURES. 

Royal  Institution. — ^The  following  arrangement  is  made 
for  the  Lectures  of  the  ensuing  Season  ;  they  will  conimence 
on  Saturday  the  17th  of  December,  with  an  Introductory 
Lecture  by  Mr.  Davy. 

Experimental  Chemistry,  and  Electro-Chemical  Science, 
by  Humphry  Daw,  Esq.,  Sec.  R.S. 
'Botany,  by  James  Edward  Smith,  M  D.  F.R.S.  P.L.S. 

Astronomy,  by  Jv)hn  Pond,   Esq.,  F.U.S. 

Grecian  History  and  Historians,  by  the  Rev.  William 
Crowe,  Public  Orator  at  the  University  of  Oxford. 

Perspective,  by  Mr.  John  George  Wood. 

Music,  by  Mr.  Samuel  Wesley. 

A  Comet  was  too  hastily  reported  in  our  last  to  be  visible 
in  our  hemisphere.  The  suppo'^cd  coinet  proves  to  be  the 
ncbulse  in  Andromeda. 

MSTEORO- 
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METEOPOLOGICAL   TABLE, 

Br  Mr.  Cmhiy,  of  the  Strand, 

For  Novt'jnl'cr  1808. 
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[     193     ] 

XXXIV.  Electrochemical  Researches  on  the  Decomposition 
of  the  Earths  ;  with  Observations  on  the  Metals  obtained 
from  the  alkaline  Earths,  and  on  the  Amalgam  procured 
from  Ammonia.  By  Humphiiy  Davy,  Esq.,  Sec.  R.S, 
M.R.I.A.   Prof.  Chem.  R.I.^ 

I.  Introduction . 

In  the  Philosophical  Trans.-ictions  for  1807,  Part  I.f  and 
1608,  Part  I.  t,  I  have  detail-id  the  general  methods  ejf  de- 
coinposition  by  electricity,  and  stated  various  new  facts  ob- 
tained in  consequence  of  the  application  of  them". 

The  results  of  the  experiments  on  potash  and  soda,  as  I 
stated  in  my  last  communicaliu'n  to  the  Society,  afforded 
me  the  strongest  hopes  of  being  able  to  effect  the  decom- 
position both  of  the  alkaline  and  common  earths ;  and  the 
phoenomena  obtained  in  the  first  imperfect  trials  made  upon 
those  bodies,  connteiianced  the  ideas  that  had  obtained  from 
the  earliest  periods  of  chemistry,  of  iheir  being  metallic  in 
their  nature  §. 

Many 

*  From  Philosophical  Transactions  for  1808.    Part  II. 

t  SeePhil.  Mag.  vol.xxvlii.  p.  1,  104,  '220.     \  Ibid.  vol.  xxxii.  p.  1,  97,  145. 

§  BecciuT  is  the  first  chemist,  as  far  as  my  reading  informs  me,  who  di- 
stinctly pointed  out  the  relations  of  metals  to  earthy  substances;  See  Phys. 
siibt.  Lipsiaj,  4to,  p-61.  He  was  followctl  by  Stahl,  who  has  given  the  doc- 
trine a  more  perfect  form.  Beccher's  idea  was  that  of  an  universal  elementary 
earth,  which,  by  uniting  to  an  inilammable"  earth,  produced  all  the  metals, 
mid  under  other  modifications  formed  stones.  Stahl  admitted  distinct  earths 
which  he  supposed  mij!;ht  he  converted  into  metals  by  combining  with  phlo- 
giston; see  Stahl  Fimdameat.  Chym.  p.  9,  4to,  and  Conspect.  Chem.  I,  77, 
•Ito. — Neuman  gives  an  account  of  an  elaborate  series  of  unsuccessful  experi- 
ifieuts  which  he  made  to  obtain  a  metal  from  quicklime.  Lewi's  Neuman's 
(Chem.  Works,  2d.  edit.  vol.  i.  p.  15.  The  earlier  English  chemical  philoso- 
phers seem  to  have  adopted  the  opinion  of  the  possibility  of  the  production  of 
metals  from  common  earthy  substances ;  See  Boyle,  vol.  i.  4to,  p.  564,  and 
Grew,  Anatomy  of  Plants,  lee.  ii.  p.  '24J.  But  these  notions  were  founded 
upon  a  kind  of  alchemical  hypothesis  of  a  general  power  in  nature  of  trans- 
muting one  species  of  matter  into  another.  Towards  the  end  of  the  last  cen- 
tury the  doctrine  was  advanced  in  a  more  philosophical  form ;  Bergman  sus- 
pected barytes  to  be  a  metallic  calx,  Praef.  Sciagrap.  Reg.  Min.  and  Opusc. 
IV.  p.  212.  Baron  supported  the  idea  of  the  probability  of  alumine  being  a 
metallic  substa^ice.^See  Annales  de  Chimie,  vol.  x.  p.  257. — Lavoisier  extended 
these  notions,  by  suppi^srng  the  other  earths  metallic  oxides.  Elements,  2d 
eclit.  Kerrs  translation,  p.  217.     The  general  inquiry  was  closed  by  the  as- 

Vol.  32.  Na  127,  ;:>tv.  1805.  N  sercion 


J  94  Kleciroclicmlcal  Researches  on 

Many  difficulties  however  occurred  iu  the  way  of  obtain- 
ing complete  evidence  on  this  subject :  and  the  pursuit  of 
the  inquiry  has  required  nuich  labour  and  a  considerable  de- 
votion of  time,  and  has  demanded  more  refined  and  com- 
plicated processes  than  those  which  had  succeeded  with  the 
Sxcd  alkalis. 

The  earths,  like  the  fixed  alkalis,  are  non-conductors  of 
electricity  ;  but  the  fiicd  alkalis  become  conducting  by  fu- 
sion :  the  infusible  nature  of  the  earlbs,  however,  rendered 
it  impossible  to  operate  upon  them  in  this  state  :  the  strong 
affinity  of  their  bases  for  oxygen,  made  it  unavailing  to  act 
upon  them  in  solution  in  water;  and  the  only  methods  that 
proved  successful,  were  those  of  operating  upon  them  by 
electricity  in  some  of  their  combinations,  or  of  combining 
them  at  the  moment  of  their  decomposition  by  electricity, 
in  metallic  alloys,  so  as  to  obtain  evidences  of  their  nature 
and  properties. 

I  delayed  for  some  time  laying  an  account  of  many  of  the 
principal  results  which  I  obtained  before  the  Society,  in  the 
hopes  of  bcini;  able  to  render  them  more  distinct  and  satis- 
factory ;  but  finding  that  for  this  end  a  more  powerful  bat- 
terv,  and  more  perfect  apparatus  than  I  have  a  prospect  of 
seeing  very  soon  constructed,  will  be  required,  I  have  ven- 
tured to  bring  forwards  the  investigation  in  its  present  im- 
perfect state ;  and  I  shall  prefer  the  imputation  of  having 
published  unfinished  labours,  to  that  of  having  concealed 
any  new  facts  from  the  scientific  world,  which  may  tend  icr 
assist  the  progress  of  chemical  knowledge. 

II,  Methods  employed  for  Decomposing  the  alknl'ine  Eartlik 
Barytes,   strontites,  and  lime,  slightly  moistened,  were 

sertion  of  Tondi  and  Ruprecht,  that  the  earths  might  be  reduced  by  char- 
coal ;  and  the  accurate  researclics  <.^i  Klaproth  and  Savaresi,  who  proved  by 
the  most  decisive  experiments,  that  the  metals  taken  for  the  bases  of  the 
earths  were  pitosphurets  of  iron,  obtained  from  the  bone  ashes  and  other 
materials  employed  in  the  experiment,  Annnlfs  dc  Chimit',  vol.  viii.  p.  IS, 
and  vol.  x.  p.  "251,  UTS.  Amidst  ail  these  hypotheses,  potash  and  soda  were 
never  considered  as  metallic  in  their  nature  :  Lavoibicr  tup{K>scd  tlicm  to  con- 
tain azote  ;  nor  at  th  it  time  were  there  any  juatogics  to  lead  that  acute 
philotophcr  to  a  happier  co.5J..vture. 

Jeclrified 
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electrified  by  iron  wires  under  naphtha,  b)r  th^  same  methods, 
and  with  the  same  powers  as  those  employed  for  the  de- 
composition of  the  fixed  alkalis*.  In  these  cases,  gas  was 
copiously  evolved,  which  was  inflammable;  and  the  earths 
where  in  contact  with  the  negative  inetaflic  vi-ires  became 
dark  coloured,  and  exhibited  small  points  having  a  metallic 
lustre,  which,  when  exposed  to  air,  gradually  became  white; 
they  became  white  likewise  when  plunged  under  water,  and 
when  examined  in  this  experiment  by  a  magnifier,  agreenish 
powder  seemed  to  separate  from  them,  and  small  globules  of 
-gas  were  disengaged. 

In  these  cases  there  was  great  reason  to  believe  that  the 
earths  had  been  decomposed  ;  and  that  their  bases  bad 
combined  with  the  iron,  so  as  to  form  alloys  decomposable 
by  the  oxygen  of  air  or  water;  but  the  indistinctness  of  the 
effect,  and  the  complicated  circumstances  required  for  it, 
were  such  as  to  compel  me  to  form  other  plans  of  operation. 

The  strong  attraction  of  potassium  for  oxygen,  irduced  me 
to  try  whether  this  body  niight  not  detach  the  oxygen  from 
the  earths,  in  the  same  manner  as  charcoal  decomposes  the 
common  metallic  oxides. 

I  heated  potassium  in  contact  with  dry  pure  lime,  barytes, 
strontites,  and  mi^nesia,  in  tubes  of  plate  glass;  bui  as  I 
was  obliged  to  use  very  small  quantities,  and  as  I  could  not 
raise  the  heat  to  ignition  without  fusing  the  glass,  I  obtained 
HI  this  way  no  good  results.  The  potassium  appeared  to  act 
upon  the  earths  and  on  the  glass,  and  dark  brown  substances 
were  obtained,  which  evolved  gas  from  water;  but  no  di- 
stinct metallic  globules  could  be  procured  :  from  these  cir- 
cumstances, and  other  like  circumstances,  it  seemed  pro- 
bable, that  though  potassium  may  partially  de-oxygenate  the 
earths,  yet  its  affinity  for  oxygen,  at  least  at  the  tempera- 
ture which  1  employed,  is  not  sufHcient  to  effect  their  de- 
composition. 

I  made  mixtures  of  dry  potash  in  excess  and  dry  barytes, 
lime,  strontites,  and  magnesia,  brought  them  into  fusion, 
and  acted  upon  them  in  the  voltaic  circuit  in  the  same  man- 

*  See  Phil.  Mag.  vol.  xxxii.  p.  4. 

N  2  uer 
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ner  as  that  I  employed  for  obtaining  the  metals  of  the  alka- 
lis. My  hopes  were,  that  the  potassium  and  the  metals  of 
the  earths  might  be  de-oxygenated  at  the  same  time,  and 
enter  into  combination  in  alloy. 

In  this  way  of  operating,  the  results  were  more  distinct 
than  in  the  last;  metallic  substances  appeared,  less  fusible 
than  potassium,  which  burnt  the  instant  after  they  had 
formed,  and  which  by  burning  produced  a  mixture  of  potash 
and  the  earth  employed  ;  I  endeavoured  to  form  them  under 
naphtha,  but  without  much  success.  To  produce  the  result 
at  all,  required  a  charge  by  the  action  of  nitric  acid,  which 
the  state  of  the  batteries  did  not  permit  me  often  to  employ*; 
and  the  metal  was  generated  only  in  very  minute  films,  which 
could  not  be  detached  by  fusion,  and  which  were  instantly 
destroyed  by  exposure  to  air. 

I  had  found  in  my  researches  upon  potassium,  that  when 
a  mixture  of  potash  and  the  oxides  of  mercury,  tin,  or  lead, 
was  electrified  in  the  Voltaic  circuit,  the  decomposition  wa* 
very  rapid,  and  an  amalgam,  or  an  alloy  of  potassium,  ,was 
obtained  ;  the  attraction  between  the  common  metals  and 
the  potassium  apparently  accelerating  the  separation  of  the- 
oxygen. 

The  idea  that  a  similar  kind  of  action  might  assist  the  de- 
composition of  the  alkaline  earths,  induced  me  to  electrify 
mixtures  of  these  bodies  and  the  oxide  of  tin,  of  iron,  of 
lead,  of  silver,  and  of  mercury  ;  and  these  operations  were 
far  more  satisfactory  than  any  of  the  others. 

•  The  power  of  this  combination,  though  it  consisted  of  one  hundred  plates 
of  copper  and  zinc  of  six  inches,  and  one  hundred  and  fifty  of  four  inches, 
at  this  time  was  not  more  than  equal  to  that  of  a  newly  constructed  apparatus 
of  one  hundred  and  fifty  of  four  inches.  It  had  been  made  for  tlie  demon- 
strations in  the  Theatre  of  tiie  Royal  Institution  in  180:?;  and  since  that  time 
had  been  constantly  employed  in  the  annual  course  of  lectures,  and  had 
served  in  ditTerent  parts,  tor  :he  iniinerou";  experiments  on  the  decomposition 
of  bodies  by  electricity,  derailed  in  the  Bakeriau  Lectures  for  1S06  and  ISOT, 
and  a  number  of  the  plates  were  dcstroyetl  by  corrosion.  I  mention  these 
circumstances,  because  many  chemists  have  been  deterred  frohi  pursuing  ex- 
pcriraents  on  the  decomposition  of  the  alkalis  and  the  earths,  under  the  idea 
that  a  very  powerful  combination  was  repiirtd  for  the  ellect.  This,  how- 
ever, is  far  from  bc'ii,.;  the  case  ;  all  the  experiments  detailed  in  the  text  may 
be  repented  I>y  means  tif  a  Voltaic  battery,  containing  from  one  bundled  ;o 
•ne  hundred  and  fifty  pbtcs  cf  four  or  six  inches. 

A  mix- 
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A  mixture  of  two-thirds  of  barj'les  and  one-fhird  of  oxide 
of  silver  very  sliahtly  moistened  was  electrified  by  iron  wires ; 
an  effervescence  look  place  at  both  points  of  contact,  and  a 
minute  quantity  of  a  substance,  possessing  the  whiteness  of 
silver,  formed  at  the  negative  point.  When  the  iron  wire  to 
which  this  substance  adhered  was  plunged  into  water  con- 
taining a  little  alum  in  solution,  gas  was  disengaged,  which 
proved  to  be  hydrogen  ;  and  white  clouds  which  were  found 
to  be  sulphate  of  baryies,  descended  from  the  point  of  the 
wire. 

A  mixture  of  barytes  and  red  oxide  of  mercury,  in  the 
same  proportions,  was  electrified  in  the  same  manner.  A 
small  mass  of  solid  amalgam  adhered  to  the  negative  wire, 
which  evidently  contained  a  substance,  that  produced  barytes 
by  exposure  to  air,  with  the  absorption  of  oxygen  ;  and  which 
occasioned  the  evolution  of  hydrogen  from  water,  leaving 
pure  mercury,  and  producing  a  solution  of  barytes. 

Mixtures  of  lime,  strontiles,  magnesia,  and  red  oxide  of 
mercury,  treated  in  the  same  manner,  gavg  similar  amal- 
gams, from  which  the  alkaline  earths  v^-cre  regenefated  by 
the  action  of  air  or  water,  with  like  phaenomena ;  but  the 
quantities  of  metallic  substances  obtained  were  exceedingly 
minute;  they  apjieared  as  mere  superficial  formations  sur- 
rounding the  point  of  the  wire,  not  did  they  increase  after 
the  first  few  minutes  of  electrization,  even  when  the  process 
was  carried  on  for  some  hours. 

These  experiments  were  made  previous  to  April,  1S08,  at 
which  time  the  batteries  were  so  much  injured  by  constant 
use,  as  no  longer  to  form  an  efficient  conjbination.  The  in- 
quiry was  suspended  for  a  short  time:  but  in  May  I  was 
enabled  to  resume  it,  by  employing  a  new  and  much  more 
powerful  combination,  constructed  in  the  laboratory  of  the 
Royal  Institution,  and  consisting  of  five  hundred  pairs  of 
double  plates  of  six  inches  square. 

When  I  attempted  to  obtam  amalgams  with  this  appa- 
ratus, the  transmitting  wires  bemg  of  platina,  of  about  V^r^h 
of  an  inch  in  diameter:  the  heat  generated  was  so  great  as 
to  burn  both  the  mercury  and  basis  of  the  amalgam  at  the 
moment  of  its  formation  3  and  when  by  extending  the  sur- 
N  3  faces 


]  gd  Electrochemical  Researches  on 

faces  of  the  conductors,  this  power  of  ignition  was  modified, 
yet  still  the  amalgam  wa3  only  produced  in  thin  films,  and' 
I  could  not  obtain  globules  suffijfently  large  to  submit  to 
distillation.  When  the  transmitting  wires  were  of  iron  of 
the  same  thickness,  the  iron  acquired  the  temperature  of 
ignition,  and  combined  with  the  bases  of  the  earths  in  pre-- 
ferenee  Vj  the  mercury,  and  nietallic  a'l'.ys  of  a  dark  gray 
colour  were  obtaiiitd,  which  acted  on  water  with  the  evo- 
lution of  hydrogen,  and  were  converted  into  oxide  of  iron, 
and  alkaline  tanhs. 

Whilst  I  was  engaged  in  these  experiments,  in  the  be- 
ginning of  June,  I  received  a  letter  from  Professor  Berzelius 
of  Stockholm,  in  which  he  informed  me  that,  in  conjunction 
with  Dr.  Pontin,  he  had  succeeded  in  decomposing  barytes 
and  lime,  by  negatively  electrifying  mercury  in  contact  with 
them,  and  that  in  this  way  he  had  obtained  amalgams  of  the 
metals  of  these  earths. 

I  immediately  repeated  these  operations  with  perfect  suc- 
cess;  a  globule  of  mercury,  electrified  by  the  power  of  the 
battery  of  300,  weakly  charged,  was  made  to  act  upon  a 
surface  of  sligluly  moistened  barytes,  fixed  upon  a  plate  of 
platina.  The  mercury  gradually  became  less  fluid,  and  after 
a  few  minutes  was  found  covered  with  a  white  film  of  ba- 
rytes; and  when  the  an)algam  was  thrown  into  water,  hy- 
drogen was  disengaged,  the  mercury  remained  free,  and  a 
solution  of  barytes  was  formed. 

The  result  with  lime,  as  these  gentlemen  had  stated,  was 
precisely  analogous. 

That  the  same  happy  methods  must  succeed  with  strontita« 
and  magnesia,  it  was  not  easy  to  doubt,  and  I  quickly  tried 
the  experiment. 

From  strontites  I  obtained  a  very  rapid  result ;  but  from 
magnesia,  in  the  first  trials,  no  amalgam  could  be  procured. 
By  continuing  the  process,  however,  for  a  longer  time,  and 
keeping  the  earth  continually  moist,  at  last  a  combination 
of  the  basis  with  mercury  was  obtained,  which  slowly  pro- 
duced magnesia  by  absorption  of  oxygen  from  air,  or  by  the 
action  of  water. 

All  these  amalgams  I  found  might  be  preserved  for  a  con- 
siderable 
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siderable  period  under  naphtha.  In  a  knglh  of  time,  how- 
ever, they  became  covered  with  a  white  cmst  under  this 
fluid.  When  exposed  to  air,  a  very  tew  minutes  only  were 
required  for  the  oxygenation  of  the  bases  of  the  earths.  In 
water  the  amalgam  of  barytes  was  most  rapidly  decomposed  : 
that  of  strontitcs  and  that  of  lime  next  in  order :  but  the 
amalgam  from  magnesia,  as  might  be  expected  from  th« 
weak  affinity  of  the  earth  for  water,  very  slowly  changed  ; 
when  a  little  sulphuric  acid  was  added  to  the  water  :  how- 
ever, the  evolution  of  hydrooen,  and  the  production  and  so- 
lution of  magnesia  were  exceedingly  rapid,  and  the  mercury 
soon  ren)ained  free. 

I  was  inclined  to  believe  that  ane  reason  why  magnesia 
was  less  easy  to  metallize  than  the  other  alkaline  earths,  was 
its  insoluhilitv  in  water,  which  would  prevent  it  from  being 
presented  in  the  nascent  state,  detvtched  from  its  solution  at 
the  negative  surface.  On  this  idea  I  tried  the  experiment, 
using  moistened  sulphate  of  magnesia,  instead  of  the  pure 
earth  ;  and  I  found  that  the  amalgam  was  much  sooner  ob- 
tained. Here  the  magnesia  was  attracted  from  the  sulphuric 
acid,  and  probably  deoxygenated  and  combined  with  the 
quicksilver  at  the  same  instant. 

The  amalgams  of  the  other  bases  of  the  alkaline  earths^ 
could,  I  founds  be  obtained  in  the  same  manner  from  their 
saline  compounds. 

I  tried  in  this  way  very  successfully,  muriate  ahd  sulph;ue 
of  lime,  the  muriate  of  strontites,  and  of  barytes,  and  ni- 
trate of  barytes.  The  earths  separated  at  the  deoxygcnating 
surface,  there  seemed  instantly  to  undergo  decomposition, 
and  seized  upon  by  the  mercury,  were  in  some  measure  de- 
fended from  the  action  of  air,  and  from  the  contact  of  water, 
and  preserved  by  their  strong  attraction  for  this  metal. 

Ill,  Attempts  to  proaire  the  Metals  of  the  alkuUue  Earths  ; 
and  on  their  Properties. 
To  procure  quantities  of  amalgams  sufficient  for  distilla- 
tion, I  combined  the  methods  1  had  before  employed,  with 
these  of  M.  M.  Berzelius  and  Pontin. 
The  earths  were  slightly  moistened,  and  mixed  with  one- 
N  4  third 
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third  of  red  oxide  of  mercury,  the  mixture  was  placed  on  a 
plate  of  pliitina,  a  cavity  was  made  in  the  upper  part  of  it  to 
receive  a  globule  of  mercury,  of  from  fifty  to  sixty  grains  in 
weight,  the  whole  was  covered  hy  a  film  of  naphtha,  and  the 
plate  was  made  positive,  and  the  mercury  nejrative,  by  a 
proper  comnumication  with  ihc  battery  of  five  hundred. 

The  anialgams  obtained  in  t'.iis  uav  \^e^e  distilled  in 
tubes  of  plate  glass,  or  in  some  ca?c<  i;i  tu!)v.'s  of  common 
glass.  These  tubes  were  bent  in  the  middk-,  ami  the  ex- 
tremities were  enlarged,  and  rcmltMj  globular  bv  blowmg, 
so  as  to  serve  the  purposes  of  a  retort  and  receiver. 

The  tube  after  the  amalgam  had  been  introduced,  was 
filled  with  naphtha,  which  u-as  afterwards  expelled  by  boil- 
ing, through  a  small  orirtce  in  the  end  corresponding  to  the 
receiver,  which  was  henrietically  sealed  when  the  tube  con- 
tained nothing  but  the  vapourof  naphtha,  and  the  amalgam. 

I  found  ininied\ate!y  that  the  mercury  rose  pure  bv  distil- 
lation from  the  amalgam,  and  it  was  very  easy  to  separate  a 
part  of  it;  but  to  obtain  a  compkie  decomposition  was  very 
difficult. 

For  th"i%  nearly  a  red  heat  was  required,  and  at  a  red  heat 
the  bases  of  the  earths  iii-.tantly  acted  upon  the  glass,  and 
became  oxygenated.  When  the  tube  was  large  in  pro))or- 
tion  to  the  quantity  of  amalgan),  the  vapour  of  the  naphtha 
furnished  oxygen  sufficient  to  destroy  [lari  of  the  bases  :  ami 
when  a  small  tube  was  employed,  it  was  difficult  tohtat  the 
part  used  as  a  retort  sufficient  to  iliivo  oil"  the  whole  of  the 
mercury  from  the  basiir,  without  raising  too  highly  the  tem- 
perature of  the  part  serving  for  the  receiver,  so  as  to  hurst 
the  tube*. 

In  consequence  of  these  difiicuhies,  in  a  nudtilude  of 
trials,  I  obtained  only  a  very  lew  successful  results,,  and  in 
no  case  could  (  be  absoluteiy  <  ( rt;iin  that  there  was  not  a 
minute  portion  of  mercury  still  in  combination  with  the 
metals  of  t!ie  earths. 

In  the  best  result  that  I  obtained   from   the  distillation  of 

•  WKen  tViC  quantity  of  the  ainal^i^am  was  about  fifiy  or  sixty  grains,  I 
found  that  the  tube  could  not  be  conveniently  less  than  one-sixth  of  au  inch 
jn  djanveicr,  and  of  the  ca^)acity  of  about  half  a  cubic  inch. 

the 
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the  amalgam  of  barytes,  the  residuum  appeared  as  a  white 
metal  of  the  colour  of  silver.  It  was  fixed  at  all  common 
temperatures,  hut  became  fluid  at  a  heat  below  redness,  and 
did  not  rise  in  vapour  when  heat^^d  to  redntss,  in  a  tube  of 
plate  glass,  but  acted  violently  upon  the  glass^  producing  a 
black  mass,  which  seemed  to  contain  barytes,  and  a  fixed 
alkaline  basis,  in  the  first  degree  of  oxygenation*. 

When 

*  From  this  f.sct,  compared  with  other  facts  that  have  been  stated,  p.  195, 
it  may  be  conjectured,  that  the  basis  of  barytes  has  a  higher  affinity  for  oxy- 
gen than  sodium  ;  and  hence,  probably,  the  bases  of  the  earths  wiJi  be  more 
powerful  instruments  for  detecting  oxygen,  than  the  bases  of  the  alkalis. 

I  have  tried  a  number  of  experiments  on  the  action  of  potassium  on  bodies 
supposed  simple,  and  on  the  undecompounded  acids.  From  the  affinity  of 
the  metiil  for  oxygen,  and  of  tiie  acid  for  ttic  substance  formed,  I  had  enter- 
tained the  gre;itfst  hopes  of  success.  It  would  be  inconsistent  w  ith  the  object 
of  this  paper  to  enter  into  a  full  detail  of  the  methods  of  operation;  I  hope 
to  be  able  to  state  them  fully  to  the  Society  at  a  future  time,  when  they  shall 
be  elucidated  by  further  researches ;  I  shall  now  merely  mention  the  general 
results,  to  show  that  I  have  not  been  tardy  in  employing  the  means  which 
were  in  my  power,  towards  effecting  these  important  objects. 

When  potassium  was  heated  in  muriatic  acid  gas,  as  dry  as  it  could  be  ob- 
tained by  common  chemical  means,  there  was  a  violent  chemical  action  witli 
ignition  ;  and  when  the  potassium  was  in  sufficient  quantity,  the  muriatic 
acid  gas  wholly  disappeared,  and  from  one-third  to  one-fourth  of  its  volume 
of  hydrogen  was  evolved,  and  muriate  of  potash  was  formed. 

On  fluoric  acid  gas,  which  had  been  in  contact  with  glass,  the  potassium 
produced  a  similar  elTcct;  but  the  quantity  of  hydrogen  generated  was  only 
one-sixth  or  one-seventh  of  the  volume  of  gas,  and  a  white  mass  was  formed, 
which  principally  consisted  of  fluate  of  potash  and  silex,  but  which  emitted 
fumes  of  fluoric  add  when  exposed  to  air. 

When  boracic  acid,  prepared  in  the  usual  manner,  that  had  been  ignited, 
was  heated  in  a  gold  tube  with  potassium,  a  very  minute  quantity  of  gas  only 
was  liberated,  which  was  hydrogen,  mixed  with  nitrogen  (the  last  probably 
from  rhe  comr.ion  air  in  the  tube);  borate  of  potash  was  formed,  and  a  black 
substance,  which  became  white  by  exposure  to  .lir. 

In  all  these  instances  there  is  great  reason  to  believe  that  the  hydrogen  wr« 
produced  from  the  water  adhering  to  the  acids;  and  the  different  proportions 
of  it  in  the  difFerent  cases,  are  a  strong  proof  of  this  opinion.  Admitting  this 
idea,  it  seems  that  muriatic  acid  gas. must  contain  at  least  one-eighth  or  one- 
tenth  of  its  weight  of  water;  and  that  the  water  oxygenates  In  the  experi- 
ment a  quatitity  of  pot.assium,  sufficient  to  absorb  t);e  whole  of  the  acid. 

In  the  cases  of  fluoric  anci  bof..cic  acids,,  there  is  probably  a  decomposition 
of  these  bodies  ;  the  black  substance  produced  from  the  boracic  acid  is  similar 
to  that  whi'eh  I  had  obtained  from  it  by  electricity.  The  quantities  that  I 
have  operated  upon,  have  been  as  yet  too  small  to  enable  me  to  separate  and 

examine 
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When  exposed  to  air,  it  rapidly  tarnished,  and  fell  into  a 
white  powder,  which  was  barytes.  When  this  process  was 
conducted  in  a  small  portion  of  air,  the  oxygen  wsf  fo.nd 
absorbed,  and  the  nitrogen  unaltered;  when  a  port'ou  of  it 
was  introduced  into  water,  it  acted  upon  it  with  great  vio- 
lence and  sunk  to  the  bottom,  producing  in  it  barytes;  and 
hydrogen  was  generated.  The  quantities  in  which  I  obtained 
U  were  too  minute  for  me  to  be  able  to  examine  correctly, 
either  its  physical  or  chemical  properties.  It  sunk  rapidly  in 
water,  and  even  in  sulphuric  acid,  though  surrounded  by 
globules  of  hydrogen,  equal  to  two  or  three  times  its  volume; 
from  which  it  seems  probable,  that  it  cannot  be  less  than 
four  or  five  times  as  heavy  as  water.  It  flattened  by  pres- 
sure, but  required  a  considerable  force  for  ihis  efiect. 

The  metal  from  strontites  sunk  in  sulphuric  acid,  and  ex- 
hibited the  same  characters  as  that  from  barytes,  except  in 
producing  strontites  by  oxidation. 

The  metal  from  lime,  I  have  never  been  able  to  examine 
exposed  to  air  or  under  naphtha,  fn  the  case  in  which  I  was 
able  to  distil  the  quicksilver  from  it  to  the  greatest  extent, 
the  tube  unfortunately  broke,  whilst  warm  ;  and  at  the  mo- 
ment that  the  air  entered,  the  metal,  which  had  the  colour 
and  lustre  of  silver,  instantly  took  fire,  and  burnt  with  an 
intense  white  light  into  quicklime. 

The  metal  from  magnesia  seemed  to  act  upon  the  glass, 
even  before  the  whole  of  the  quicksilver  was  distilled  from 
it.  In  an  experiment  in  which  I  stopped  the  process  before 
the  mercury  was   entirely  driven  ofT,  it  appeared  as  a  solid, 

eramine  the  products;  and  till  this  is  done,  no  ultimate  conclusion  can  be 
«?rawn. 

The  action  of  potassium  upon  muriatic  acid  gas,  indicates  a  much  larger 
qyantity  of  water  in  this  substance,  than  the  action  of  olectricitj"  in  Dr. 
Henry's,  elaborate  experiments;  but  in  the  one  instance  the  acid  enters  into  a 
solid  salt,  and  in  the  otljer  it  remains  airiform ;  and  the  dilhoulty  of  decompo- 
sition by  electricity,  must  increase  in  proportion  as  the  qnawtity  of  water  dimi- 
nishes, so  that  at  the  apparent  maximum  of  electrical  eftect,  there  is  no  reason 
to  fuppose  the  gas  free  from  water. 

Those  persons  who  have  supposed  hydrogen  to  be  the  basis  of  muriatic 
acid  may,  perhaps,  j;ive  auother  solution  of  the  pluenonuna,  aod  cunildcr 
jivc  ejperimt'.u  I  have  detailed  at  a  proof  of  tJiis  opiuit^u. 

having 
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having  the  same  whiteness  and  lustre  as  the  other  metals  of 
the  earths.  It  sunk  rapidly  in  water,  though  sur^ou^>ded  by 
globules  of  gas,  producing  magnesia,  and  quickly  changed 
in  air,  becoming  covered  with  a  white  crust,  and  falling- 
into  a  fine  powder,  which  proved  to  be  magnesia. 

In  several  cases  in  which  amalgams  of  the  metals  of  the 
-earths,  containing  only  a  small  quantity  of  mercury  were 
obtained,  I  exposed  them  to  air  on  a  delicate  balance,  and 
always  found  that  during  the  conversion  of  metal  into  earth, 
there  was  a  considerable  increase  of  weight. 

I  endeavoured  to  ascertain  the  proportions  of  oxygen,  and 
bases,  in  barytes  and  strontites,  by  heating  amalgams  of 
them  in  tubes  filled  with  oxygen,  but  without  success.  I 
satisfied  myself,  however,  that  when  the  metals  of  the  earths 
were  burned  in  a  small  quantity  of  air  they  absorbed  oxygen, 
gained  weight  in  the  process,  and  were  in  the  highly  caustic 
or  unslacked  state;  for  they  produced  strong  heat  by  the 
contact  of  water,  and  did  not  effervesce  during  their  solution 
in  acids. 

The  evidence  for  the  composition  of  the  alkaline  earths  is 
then  of  the  same  kind  as  that  for  the  composition  of  the 
common  metallic  oxides ;  and  the  pnnci[)les  of  their  decom- 
position are  precisely  similar,  the  inflammable  matters  in  all 
cases  separating  at  the  negative  surface  in  the  Voltaic  cir- 
cuit, and  the  oxygen  at  the  positive  surface. 

These  new  substances  will  demand  names  ;  and  on  the 
same  principles  as  1  have  named  the  bases  of  the  fixed  alka- 
lis, potassium  and  sodium,  I  shall  venture  to  denominate  the 
metals  from  the  alkaline  earths  barium,  strontium,  calcium, 
and  magnium  ;  the  last  of  these  words  is  undoubtedly  ob- 
jectionable, but  magnesium*  has  been  already  applied  to 
metallic  manganese,  and  would  consequently  have  been  an 
equivocal  term. 

IV.  Inquiries  relative  to  the  Decoinposiiio?i  of  Aluynwe^ 
Silex,  Zircmie,  and  Glucine. 
I  trted  the  methods  of  electrization  and  combination  with 

*  Bergman.  Opusc.  torn.  ii.  p.  200. 

quicksilver. 
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quicksilver,  and  the  common  metals,  by  which  T  had  suc- 
ceeded in  deconiposing  the  alkaline  earths,  on  alumine  and 
-silcx  ',  but  without  gaining  distinct  evidences  of  their  having 
undergone  any  change  in  the  processes. 

Obliged  to  seek  for  other  means  of  acting  upon  them,  it 
was  necessary  to  consider  minutely  their  relations  to  other 
bodies,  and  to  search  for  analogies  by  which  the  principles 
of  research  might  be  guided. 

Alumine  very  slowly  finds  its  point  of  rest  at  the  necative 
pole,  in  the  electrical  circuit ;  but  silex,  even  when  diffused 
in  its  gelatinous  state  through  water,  rests  indifierently  at 
the  negative  or  positive  poles. 

From  this  indiftereoce  to  positive  and  negative  electrical 
attractions,  following  the  general  orrki  of  lacts,  it  might  he 
inferred,  that  if  these  bodies  be  compounds,  the  electrical 
energies  of  their  elements  arc  nearly  in  e(jui1ibrinn»  ;  and 
that  their  state  is  either  analoiious  to  that  of  insoluble  neu- 
tral salts,  or  of  oxides  nearly  saturated  with  oxygen. 

The  combinations  of  silex  and  ahiminc,  with  acids  and 
alkalis,  as  well  as  their  electrical  powers,  were  not  incon- 
sistent with  either  of  these  ideas  ;  for  in  some  respects  they 
resemble  in  physical  characters,  fiuate  and  j)hosphate  of 
Jime,  as  much  as  in  others,  thev  approach  to  the  oxides  of 
zinc  and  tin. 

On  the -idea  that  silex  might  be  an  insoluble  neutrosaline 
compound,  containing  an  unknown  acid  or  earth,  or  both, 
and  capable  of  being  resolved  into  its  secondary  elements,  in 
the  same  manner  as  sulphate  of  barytcs,  or  flualc  of  lime,  I 
made  the  following  experiments  : 

Two  gold  cones*,  connected  by  moistened  amianthus, 
were  fdled  with  pure  water,  and  placed  in  the  electrical  cir- 
cuit, a  small  <)uantity  of  carefully  prepared  and  well  washed 
silex  was  introduced  into  the  positive  cone  :.  the  action  was 
kept  up  from  a  battery  of  two  hundred  plates,  for  some 
hours,  till  nearlv  half  of  the  fluid  in  each  cone  was  exhaust- 
ed ;  the  remainders  were  examined  ;  the  fluid  in  the  cone 
containing  the  silex  was  strongly  acid  ;  that  in  the  opposite 

•  The  s:imc  as  those  described  in  I'hii.  Tians.  ISOT,  p.  6. — See  Phil.  Mag. 
vol.  xxviii.  J).  5. 

cone 
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cone  was  strongly  alkaline ;  the  two  fluids  were  passed 
through  bibulous  paper,  and  mixed  together,  when  a  prc- 
cipi(aie  fell  down,  which  proved  to  be  silex. 

On  the  first  view  of  the  subject,  it  appeared  probable  that 
this  silex  had  been  formed  by  the  union  of  the  acid  and  the 
alkaline  matter  in  the  two  cones,  and  that  the  experiment 
demonstrated  a  decomposition  and  recompositlon  of  silex; 
but  before  such  a  conclusion  could  be  made,  many  points 
were  to  be  determined. 

It  was  possible  that  the  acid  might  be  nitric  acid,  pro- 
duced as  in  other  electrical  experiments  of  a  similar  nature, 
and  that  this  acid  might  have  dissolved  silex,  which  was 
precipitated  by  the  alkaline  matter  at  the  other  pole,  which 
might  be  either  potash  used  for  dissolving  the  silex,  which 
had  adhered  to  it,  notwithstanding  the  processes  of  lixivia- 
tion  in  acids,  or  ammonia  produced  in  consequence  of  the 
presence  of  the  atmosphere  ;  or  if  potash  was  present,  it  was 
likewise  possible  that  the  silex  might  have  been  carried  over 
in  solution,  with  this  alkali,  from  the  positive  to  the  nega- 
tive surface. 

Minute  experiments  were  instituted  and  completed  in  the 
same  manner  as  those  detailed  in  the  Philosophical  Trans- 
actions for  1807,  p.  7  *,  which  soon  proved  that  there  was 
no  reason  to  suppose  that  the' silex  had  been  changed  in 
these  experiments. 

The  acid  proved  to  be  nitric  acid,  which  under  the  elec- 
trical action  seemed  to  have  dissolved  the  silex ;  the  alkali 
turned  out  to  be  principally  fixed  alkali;  and  that  it  was 
merely  an  accidental  ingredient,  and  not  a  constituent  of 
the  silex,  appeared  from  this  circumstance,  that  when  the 
same  portion  of  silex  was  long  electrified,  by  degrees  it  lost 
its  power  of  affording  the  substance  in  question  f. 

This 

*  Phil.  Mag.  vol.  xxviii.  p.  6. 

f  If  silex  that  has  been  carefully  washed,  after  precipitation  by  muriatic 
acid  from  liquor  silicum,  be  moistened,  and  acted  on  by  mercury  negatively 
electrified,  the  mercury  soon  contains  a  notable  quantity  of  potassium.  Well 
waslied  alumine  that  has  been  precipitated  from  alum  by  carbonate  of  soda, 
afford*  by  the  same  treatment  sodium  and  potassium,  so  that  the  powers  of 
dc'ctrochemical  analysis  are  continually  demonstrating  the  imperfection  of 
the  ccrnmon  chemical  methods  of  separating  bodies  from  each  other.    The 

purest 
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This  result  hav'ing  taken  place,  the  same  plan  of  operatioB 
"W'as  not  pursued  with  respect  to  aluniine,  which  resembles  a 
saline  compouMd  less  than  silcx,  and  the  method  which  I 
now  adopted  of  acting  upon  these  bodies,  was  on  the  sup- 
position of  their  being  inflammable  substances  so  highly 
saturated  with  oxygen  as  to  possess  little  or  no  positive  elec- 
tricity. 

Alumine  and  silcx  have  both  a  strong  affinity  for  potash 
and  soda:  now  suppoding  them  to  be  oxides,  it  was  reason- 
able to  conclude  that  the  oxygen,  both  in  the  alkalis  and 
the  earths,  must  be  passive  as  to  this  power,  which  must 
consequently  be  referred  to  their  bases,  and  on  this  notion 
it  was  possible  that  it  might  be  made  to  assist  their  decom- 
position by  electricity. 

After  this  reasoning,  T  fused  a  mixture  of  one  part  of  si- 
lex,  and  six  of  potash  in  a  pialina  crucible,  and  preserved 
the  mixture  fluid,  and  in  ignition,  over  a  fire  of  charcoal ; 
the  crucible  was  rendered  positive  from  the  battery  of  five 
hundred,  and  arod  of  platina,  rendered  negative,  was  brought 
in  contact  with  the  alkaline  menstruum.  At  the  moment 
of  contact  there  was  a  most  intense  light ;  when  the  rod  was 
plunged  into  the  liquid  an  effervescence  took  place,  and 
globules  which  burnt  with  a  brilliant  flame  rose  to  the  sur- 
face, and  swam  upon  it  in  a  state  of  combustion.  In  a  few 
minutes,  when  the  mixture  was  cool,  the  platina  bar  wa» 
removed  :  after  as  much  as  possible  of  the  alkali  and  silex 
had  been  detached  from  it  by  a  knife,  there  remained  bril- 
liant metallic  scales  round  it,  which  instantly  became  cover- 
ed with  a  white  crust  in  the  air,  and  some  of  which  in- 
flamed spontaneously.  The  platina  appeared  much  cor- 
roded, and  of  a  darker  tint  than  Ix'Iongs  to  the  pu-c  metaU 
"When  it  was  plimged  into  water  it  strongly  efltrvesced :  the 
fluid  that  came  from  it  was  alkaline;  when  a  few  drops  of 
muriatic  acid  were  vidded  to  the  solution,  a   white  cloudi- 

ipurest  boracicacUl  which  can  l>e  obtained  from  borax  by  chemical  decompo- 
■-«ition,  l»y  eJcctrical  analysis  i»  shown  to  contain  both  s«d:<,  and  the  deccm- 
.posintr  acid  employed  in  the  process ;  and  lience  the  expcrimrnt  on  tlie  action 
•  of  the  boracic  acid  and  potassium,  page  -01,  may  pyssibly  be  explained 
/without  aetumiug  its  dccumpo'^ition. 

ness 
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ness  occurred,  which  various  trials  demonstrated,  depended 
upon  the  presence  of  silex. 

A  similar  mixture  of  potash  and  alumine  was  experi- 
mented upon  in  the  same  manner,  and  the  results  were  per- 
fectly analogous ;  there  adhered  to  the  rod  of  platina  a  film 
of  a  metallic  substance,  which  rajiidly  decomposed  water, 
and  afforded  a  solution  which  deposited  alumine  by  the  ac- 
tion of  an  acid. 

I  tried  several  forms  of  this  experiment,  with  the  hopes  of 
being  able  to  obtain  a  sufficient  quantity  of  the  metallic  mat- 
ter from  the  platina,  so  as  to  examine  it  in  a  separate  state ; 
but  I  was  not  successful.  It  was  always  in  superficial  scales, 
which  oxidated,  becoming  white  and  alkaline,  before  it  could 
be  detached  in  the  air ;  it  instantly  burnt  when  heated,  and 
could  not  be  fused  under  naphtha  or  oil. 

I  tried  similar  experiments  with  mixtures  of  soda  and 
alumine,  and  soda  and  zircono,  and  used  iron  as  the  nega- 
tively electrified  metal.  In  all  these  cases,  during  the  whole 
process  of  electrization,  abundance  of  globules,  which  swam 
in  a  state  of  inflammation  on  the  fused  mass,  were  produ- 
ced. And  in  the  mixture,  when  cooled,  small  laminae  of 
metal  uere  found  of  the  colour  of  lead,  and  less  fusible  than 
sodium,  which  adhered  to  the  ironj  they  acted  violently 
upon  water,  and  produced  soda  and  a  white  powder,  but  in 
quantities  t(^o  small  to  be  minutely  examined. 

I  endeavoured  to  procure  an  alloy  of  potassium,  and  the, 
bases  of  the  earths,  from  mixtures  of  potash,  silex,  and 
alumine,  fused  by  electricity,  and  acted  on  by  the  positive 
and  negative  surfaces  in  the  same  manner  as  pure  potash, 
in  experiments  for  the  decomposition  of  that  substance;  but 
I  obtained  no  good  results.  When  the  earths  were  in  quan- 
tities equal  to  one-fourth  or  one-fifth  of  the  alkali,  they 
rendered  it  so  highly  non-conducting,  that  it  was  not  easy 
to  effect  it  by  electricity  ;  and  when  they  were  in  very  minute 
portions,  the  substance  produced  had  the  characters  of  pure 
potassium. 

I  heated  small  globules  of  potassium,  in  contact  with  silex 
and  alumine,  in  tubes  of  plate  glass  filled  with  the  vapour  of 
naphtha :  the  potassium  seemed  to  iK;t  at  tlve  same  -time 

upon 
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upon  the  glass  and  the  earths,  and  a  grayish  opaque  n>as3 
not  possessed  of  metallic  splendour  was  obtained,  which 
effervesced  in  water,  depositing  white  clouds.  Heie  it  was 
possible  that  the  jiotash  had  been  converted  wholly  or  partly 
into  protoxide,  by  its  action  upon  the  earths  ;  hut  as  no 
globule  was  obtained,  and  as  the  plate  glass  alone  might 
have  produced  ihe  efiect,  no  decided  inference  of  the  de- 
composition of  the  earths  can  be  drawn  tVoin  the  process. 

I  shall  now  piention  the  last  trials  that  I  made  uith  re- 
spect to  this  (/o'cct. 

Potassium,  amaUjamatcd  with  about  one-third  of  mer- 
cury, was  electrified  negatively  under  naphtha,  in  contact 
with  siiex  \«ry  slightly  moistened,  by  the  pou  cr  of"  five  hun- 
dred ;  after  an  hour  the  result  was  exattiined.  The  potas- 
sium was  niad'^  to  decompose  v/aier,  and  the  alkali  formed 
neutralized  by  a;et(vjs  ac'd  ;  a  white  matter,  having  all  the 
appearance  of  silex  precipitated,  but  in  quantity  too  small 
for  accurate  examinnt'on. 

I  tried  the  same  method  of  action  upon  aluniine  and  gin- 
cine,  and  obtained  a^ cloudiness,  more  distinct  than  in  the 
case  of  silex,  by  the  action  of  an  acid  upon  the  solution  ob- 
tained from  the  amalgam. 

Zircone  exposed  in  the  same  manner  to  the  action  of  elec- 
tricity, and  the  attraction  of  potassiuin,  furnished  still  more 
satisfactory  results  ;  for  a  white  and  fine  powder,  soluble  in 
sulphuric  acid,  and  which  was  piecipitaled  from  sulphuric 
acid  by  ammonia,  separated  from  the  amalgam  that  had  been 
obtained,  by  the  action  of  water. 

From  the  general  tenor  of  these  results,  and  the  compari- 
son between  the  different  series  of  experiments,  there  seems 
very  great  reason  to  conclude  that  alumine,  zircone,  glu- 
cine,  and  silex  are,  like  the  alkaline  earths,  metallic  oxides, 
for  on  no  other  supposition  is  it  easy  to  explain  the  phaeno- 
mena  that  have  been  detailed. 

The  evidences  of  dcconiposilion  and  composition  are  not, 
however,  of  the  same  strict  nature  a:i  tho^e  that  belong  to 
the  fixed  alkalis  and  alkaline  earths  ;  for  it  is  possible,  ihat 
in  the  experiments  in  which  the  silex,  .dumine,  and  zircone, 
appeared  to  separate  during  the  oxidation  ot   ])oia>sium  and 

sodiirti). 
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sodium,  their  bases  might  not  actually  have  been  in  com- 
bination with  them,  but  the  earths  themselves,  in  un.on 
with  the  metals  of  the  alkalis,  or  in  mere  mechanical  mix- 
ture. And  out  of  an  immense  number  of  experiments 
which  I  made  of  the  kind  last  detailed,  a  very  few  only 
gave  distinct  indications  of  the  production  of  any  earthy 
matter  ;  and  in  cases  when  earthy  matter  did  appear,  tlie 
quantity  was  such  as  rendered  it  impossible  to  decide  on  ihe 
species. 

Had  I  been  so  fortunate  as  to  have  obtained  more  certain 
evidences  on  this  subject,  and  to  have  procured  the  metaU 
lie  substances  I  was  in  search  of,  T  should  have  proposed 
for  them  the  names  of  silicium,  alummm,  zirconium,  and 
glucium. 

V.  On  the  Prodjiction  of  an  Amalgam  from  Ammonia^  and 
on  its  Nature  and  Properties. 

In  the  communication  from  Professor  Berzelius  and  Dr. 
Pontin,  which  I  have  already  referred  to,  a  most  curious  and 
important  experiment  on  the  deoxidalion  and  amalgamation 
of  the  compound  basis  of  ammonia  us  mentioned,  which  these 
ingenious  gentlemen  regard  as  a  strict  proof  of  the  idea  I  had 
formed  of  its  being  an  oxide  with  a  binary  basis. 

Mercury,  negatively  electrilled  in  the  Voltaic  circuit,  is 
placed  in  contact  with  solution  of  ammonia.  Under  this 
agency  it  gradually  increases  in  volume,  and,  when  expanded 
to  four  or  five  tinics  its  former  dimensions,  becomes  a  soft 
solid. 

And  that  this  substance  is  composed  of  the  deoxygenated 
compound  basis  of  ammonia  and  mercury,  they  think  is 
proved  :  First,  By  the  reproduction  of  quicksilver  and  ammo- 
nia, with  the  absorption  of  oxygen,  when  it  is  exposed  to 
air  ;  and.  Secondly,  by  its  forming  anmionia  in  water,  whilst 
hydrogen  is  evolved,  and  the  quicksilver  gradually  becomes 
free. 

An  operation,  in  which  hvdrogen  and  nitrofjen  exhibit  me- 
tallic proj>erties,  or  in  which  a  metallic  substance  is  appa- 
rently composed  from  its  elements,  cannot  f:uil  to  fix  the  at- 
tention of  chemists  :  and   the   peculiar  interest  which  it  of- 
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m-cd  in  its  relations  to  the  general  theory  of  electrochemical 
science,  indiicecl  me  to  examine  the  circumstances  connected 
\viih  it  minutely  ami  extensively. 

In  repeating  the  process  of  the  Swedish  chemists,  I  found 
that  to  form  an  amalgam  from  fifty  or  sixty  grains  of  mer- 
cury, in  contact  with  saturated  solution  of  ammonia,  required 
a  considerable  time,  and  that  this  anvalgan>  greatly  changed 
evc»  in  the  short  period  required  for  removing  it  from  the 
solution. 

I  was  however  able,  in  this  mode  of  operating,  to  witness 
all  the  results  they  have  stated,  and  I  soon  found  simple  and 
more  easy  njeans  of  producing  the  effect,  and  circumstanceft 
a:ider  which  it  coukl  be  more  distinctly  analysed. 

The  experiments  which  I  have  detailed  in  the  Bakerian 
lecture  for  1  &GG,  proved  that  ammonia  is  disengaged  frorji 
the  ammoniacal  salts,  at  the  negative  surface  in  the  Voltaic 
circuit;  and  I  concluded  that  under  this  agency,  it  may  be 
4ctcd  on  in  what  is  called  the  nascent  state,  when  it  was  rea- 
sonable to  conclude  it  would  be  more  readily  deoxygenated 
and  combined  with  quicksilver. 

On  this  view  of  the  subject,  I  made  a  cavity  rn  a  piece  of 
muriate  of  ammonia;  into  this  a  globule  of  mercury,  weigh- 
hig  about  fifty  grains,  was  introduced.  The  muriate  was 
iJighlly  moistened,  so  as  to  be  rendered  a  conductor,  and 
placed  on  a  plate  of  platina,  which  was  ra^ide  positive  in  the 
circuit  of  the  large  battery.  The  quicksilver  was  made 
negative  by  means  of  a  platina  wire.  The  action  of  the 
quicksilver  on  the  salt  was  immediate  ;  a  strong  efler- 
vescence  with  much  heal  took  place.  The  globule  in  a 
few  minutes  had  enlarged  to  five  times  its  former  dimen- 
sions, and  had  the  apptrnrance  of  an  amalgam  of  zinc  ; 
and  metallic  crystaHizatioiiS  shot  from  it,  as  a  centre,  round 
the  body  of  the  salt.  They  had  an  arborescent  appearance, 
often  became  coloured  at  their  points  of  contact  uith  Mie 
muriate  ;  and  when  the  coimcction  was  broken,  rapidly  dis- 
appeared, emitting  ammoniacal  fumes,  and  reproducing 
quicksilver. 

When  a  piece  of  moistened  carbonate  of  ammonia  was 
used,  the  appearances  w  ere  the  same,  and  the  amalgam  was 
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formed  with  equal  rapidity.  In  this  process  of  deoxida- 
ti(  n,  when  the  battery  was  in  powerful  action,  a  blaek  matter 
fornted  in  the  cavity,  which  there  is  every  reason  to  believe 
was  carbonaceous  matter  from  the  decomposition  of  the  car- 
bonic acid  of  the  carbonate  *. 

The  strong  attraction  of  potassium,  sodium,  and  the  me- 
tals of  the  alkaline  earths  for  oxyen,  induced  me  to  examine 
whether  their  deoxidating  powers  could  not  be  made  to 
produce  the  effect  of  the  amalgamation  of  ammonia,  inde- 
pendently of  the  agency  of  electricity ;  and  the  result  witf 
verv  satisfactory. 

VVhea  mercury,  united  to  a  small  cjuantity  of  potassium, 
Sddium,  barium,  or  calcium,  v^'as  made  to  act  upon  moisten- 
ed muriate  of  ammonia,  the  amalgam  rapidly  increased  to  six 
or  seven  times  its  volume,  and  the  compound  seemed  to  con- 
tain much  more  amnvoniacal  ba.sis  than  that  procured  bv  elec- 
trical powers. 

As  in  these  caries,  however,  a  portion  of  the  metal  used 
for  the  deoxidation  always  remained  in  union  in  the  com- 
pound ;  in  describing  the  properties  of  the  amalgam  from 
ammonia,  I  shall  speak  only  of  that  procured  by  electrical 
means. 

The  amalgam  from  ammonia,  when  formed  at  the  tem- 
perature of  70^  or  SO,  is  a  soft  solid,  of  the  consistence  of 
butter ;  at  the  freezing  temperature  it  becomes  firmer,  and  a 
crystallized  mass,  in  which  small  facets  appear,  but  having 
no  perfectly  defined  form  f.  Its  specific  gravity  is  below  3, 
water  being  one. 

When  exposed  to  air  It  soon  becomes  covered  with  a  white 
crust,  which  proves  to  be  carbonate  of  ammonia. 

When  thrown  into  water  it  produces  a  quantity  of  hy- 
drogen, equal  to  about  half  its  bull:,  and    in   conseqviencfi 

*  The  black  matter  wLich  sepnrates  at  the  netf^tive  surface  in  the  electri- 
•;il  expenments  on  the  decomposition  of  porash  or  soda,  and  which  snme 
experimenters  have  found  it  difficult  to  account  for,  is,  I  find,  carbonaceous, 
and  dependent  upon  the  presence  of  carbonic  acid  in  the  alkali. 

f  From  the  facet  I  suspect  the  form  to  be  cubical.  The  amaTgam  of  po- 
tassium cryjtsllizes  ia  cubes  as  beautiful,  and  in  some  ca-'esas  large,  hi  liio;-e 
<jf  bismuth 
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of  this  action   ihc  water  becomes  a  weak  solution  of  am- 
monia. 

When  it  is  confined  in  a  given  portion  of  air,  the  air  en- 
larges considerably  in  volnnie,  and  the  pure  quicksilver  re- 
appears. Amnioniacal  gas,  equal  to  one  and  a  half  or  one  and 
three  fifths  of  ihe  volume  of  the  amalgam,  is  found  to  be 
produced,  and  a  quantity  of  oxygen  equal  to  one-seventh  or 
one-eighth  of  the  ammonia  disappears*. 

When  thrown  into  muriatic  acid  gas,  it  instantly  becomes 
coated  with  muriate  of  ammonia,  and  a  small  quantity  of 
hydrogen  is  disengaged. 

In  sulphuric  acid  it  becomes  coated  with  sulphate  of  am- 
monia and  sulphur. 

I  attempted  by  a  variety  of  modes  to  preserve  this  amal- 
gam. ■  I  had  hoped  by  submitting  it  to  distillation  out  of  the 
contact  of  air,  or  water,  or  bodies  which  could  furnish  oxy- 
gen, to  be  able  to  obtain  the  dcoxygcnated  substance  which 
had  been  united  to  the  quicksilver  in  a  pure  form;  but  all 
the  circumstances  of  the  eNpt-rinient  opposed  theniselves  to 
such  a  result. 

It  is  well  known  to  persons  accustomed  to  barometrical 
experiments,  that  n)crcury,  after  being  once  moistened,  re- 
tains water  with  great  perseverance,  and  can  only  be  freed 
from  it  by  boiling;  and  in  the  cases  of  the  decomposition  of 
ammonia,  when  a  soft  amalgam  had  been  kept  continually 
moist,  both  internally  and  externally  for  some  time,  it  could 
not  be  expected  that  all  the  water  adhering  to  it  should  be 
easily  removed. 

I  wiped  the  amalgam  as  carefully  as  possible  with  bibu- 
lous paper  ;  but  even  m  this  process  a  considerable  portion, 
of  the  ammonia  was  regenerated  ;  I  attempted  to  free  it  from 
moisture  by  passing  it  through  line  linen,  but  a  complete 
decomposition  was  ttTectcd,  and  nothing  was  obtained  but 
pure  cpucksilvcr. 

•  This  experiment  confirms  tficoplnions  I  have  stated  concernin}^  the  qtian- 
tity  of  oxypcn  in  ammonia  ;  but  as  water  i-s  present,  as  will  be  imniediatelr 
ji..«wn,  the  data  for  proporiiori'.  arc  aot  perftctly  correct. 
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The  whole  quantity  of  the  basis  of  ammonia  combined  in 
sixty  grains  of  quicksilver,  as  is  evident  from  the  statements 
that  have  been  made,  does  not  exceed  ^l_  part  of  a  grain, 
and  to  supply  oxygen  to  this  scarcely  xo'o-o  P^''^  ^^  a  grain  of 
water  would  be  required,  which  is  a  quantity  hardly  appre- 
ciable, and  which  merely  breathing  upon  the  amalgam  would 
be  almost  sufficient  to  communicate. 

Hence,  when  an  amalgam,  which  had  been  wiped  by  means 
of  bibulous  paper,  was  introduced  into  naphtha,  it  decom- 
posed almost  as  rapidly  as  in  the  air,  producing  ammonia  and 
hydrogen. 

Jn  oils  it  evolved  hydrogen,  ajid  generated  ammoniacal 
soap;  and  when  it  was  introduced  into  a  glass  tube,  closed 
by  a  cork,  gas  was  rapidly  formed,  and  the  mercury  remain- 
ed free;  and  this  gas,  when  examined,  was  found  to  consist 
of  fnnn  about  two-thirds  to  three-fourths  annnoaia,  and  ihe 
remainder  hydrogen  *. 

That  more  moisture  sometimes  existed  attached  to  the 
amalgam,  wh«n  wiped  as  dry  as  possible  by  bibulous  paper, 
tlian  was  sufficient  for  the  effect  of  decomposition,  I  souu 
found  by  an  experiment  of  distillation. 

About  a  quarter  of  a  cubic  inch  of  an  amalgam  nearly 
solid  was  wiped  very  dry,  and  introduced  into  a  small  lube  : 
in  this  tube  it  was  heated  till  the  gaseous  matter  had  expelled 
the  quicksilver ;  the  tube  was  then  closed,  and  suffered  to 
cool,  when  moisture,  which  proved  to  be  a  saturated  solution 
of  ammonia,  had  precipitated  upon  it. 

I  have  mentioned  that  the  amalgams  obtained  from  am- 
m.onia,  by  means  of  the  metals  of  the  fixed  alkalis  or  alka- 
line earths,  seemed  to  contain  much  more  ammoniacal  basis 
in  combination  than  those  procured  by  electricity  :  and  when 
they  are  combined  with  the  metals  of  the  fixed  alkalis  or  of 
the  earths  in  any  considerable  quantities,  they  are  much  more 
permanent. 

Triple  compounds  of  this  kind,  wiicn  carefully  wiped, 
scarcely   produce  any  ammonia  under  naphtha,  or  oil,  and 

*  In  the  experiment  of  the  action  of  the  amalgam  upon  air,  the  oxygen  ii 
probably  absorbed  by  nascent  hydrogen,  and  reproduces  waier,  whicli  is  dis- 
solved by  the  ammonia. 
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may  be  prcseivcd  for  a  considerable  time  in  closed  glass 
tubes,  a  little  hydrogen  being  the  only  pruducl  evolved  from 
them. 

I  heated  a  triple  amalgam  obtained  from  amnjonia  by 
potassium^  and  which  iiad  been  wiped  by  bibnlous  paper  in 
a  dry  plate-glass  tube  over  mercury  ;  a  considerable  eleva- 
tion of  temperature  was  required  before  any  gaseous  mat- 
ter was  emitted,  [)ut  the  heat  was  raised  till  gns  was  rapid- 
ly formed,  and  the  who!.;  of  the  amalgam  expelle<i  from  the 
tube  :  in  cooling,  the  mercury  rose  very  quickly  in  it,  so 
ihat  a  great  part  of  the  gaseous  matter  had  been  either  mer- 
cury or  waUr,  in  vapour,  or  something  which  the  mer- 
cury had  absorbed  in  cooling.  The  small  quantity  which 
was  permanent,  did  not  equal  one  half  the  volume  of  the 
amalgam. 

On  the  idea  that  this  gas  might  be  a  compound  of  hydro- 
gen and  nitrogen  in  the  state  of  deoxygenation,  I  mixed  a 
small  quantity  of  oxygen  gas  with  it,  but  no  change  of  vo- 
lume look  place  :  I  then  exposed  it  to  naphtha,  when  one 
half  of  it  was  absorbed,  which  by  the  eflect  the  naphtha 
produced  uj)on  turmeric  must  have  been  ammonia  ;  the  re- 
maining gas  analysed  was  found  to  consist  of  the  oxygen  that 
had  been  introduced,  and  of  hydrogen  and  nitrogen  to  each 
other  ni  the  proportion  of  nearly  four  to  one. 

At  first  I  was  perplexed  by  this  result,  which  seemed  to 
prove  the  production  of  ammonia,  independent  of  the  pre- 
SL-nce  of  any  substance  which  could  furnish  oxygen  to  it, 
and  to  show  that  its  atralgamation  was  merely  owing  lo  its 
bcmu  freed  froui  water,  and  coml)ined  with  hydrogen  :  but 
a  satisfactory  solution  of  the  difficulty  sown  oftered  itself. 
ExposinjT  the  triple  amalgam  j)rcjcurcd  from  ammonia  by 
potassium  lo  a  concentrated  solution  of  ammonia,  I  found 
that  It  had  very  little  action  upon  it,  and  introducing  the 
amalgam  hioistcned  by  it  into  a  glass  tube,  it  had  nearly  the 
same  permanency  as  the  amalgam  which  had  been  wiped 
brfore  it  was  introduced,  a  litile  hydrogen  only  being  evolved  ; 
but  on  heating  the  tube  gaseous  matter  was  rapidly  gene- 
rated, which  proved  to  consist  of  two-thirds  anmionia,  and 
one- third  hyuroven. 

In 
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In  the  instance  in  which  the  amalgam  had  been  wiped,  * 
small  quantity  of  solution  of  ammonia,  and  perhaps  of  potash, 
inust  have  adhered  to  it ;  and  though  the  amalgam  doe^s  not 
act  upon  this  powerfully  at  common  temperatures,  yet  when 
the  water  is  raised  in  vapour,  it  tends  to  oxygenate  both  the 
basis  of  ammonia  and  potassium,  and  h«nce  hydrogen  i« 
evolved,  and  volatile  alkali  produced, 

I  distilled  an  amalgam  procured  by  potassium  frotti  an?* 
inonia,  in  a  tube  filled  with  the  vapour  of  naphtha,  andheN- 
nietically  sealed,  in  the  same  manner  as  in  the  experiments 
for  obtaining  the  metals  of  the  earths  ;  but  in  this  case  I  pro- 
cured ammonia,  hydrogen,  and  nitrogen  only,  and  pure  mer- 
cury ;  and  the  residuum  was  potas-sium,  wh\ch  acted  powjcr* 
fully  on  the  glass  tube. 

In  another  experiment  of  the  same  kind,  I  kept  one  part  of 
the  tube  cool  by  ice,  at  the  time  the  other  part  was  strongly 
heated,  but  nothing  condensable  except  mercury  was  pro- 
duced, and  the  elastic  products  were  the  tame  as  io  lh« 
former  instance. 

I  endeavoured  to  procure  a^l  amalgam  from  ammonia,  to 
■which  no  moisture  could  be  supposed  to  adhere,  by  heating 
an  amalgam  of  potassium  in  ammoniacal  gas.  The  amaf- 
^am  became  covered  with  a  film  of  potash,  but  it  did  not 
enlarge  in  its  dimensions,  and  a  considerable  quantity  of 
non-absorbable  gas,  which  was  found  tn  consist  of  five  par% 
of  hydrogen  and  one  of  nitrogen,  was  produced.  The  amal- 
gam after  this  operation  did  not  emit  ammonia  bv  exposutt 
to  air  ;  hence  it*  seems  probable,  that  for  the  deoxygena- 
tion  of  ammonia,  and  the  combination  of  its  basis  with  mer- 
cury, the  alkali  must  be  in  the  nascent  state,  or  at  least  in 
that  condensed  form  in  which  it  exists  in  ammoniacal  salts, 
or  solutions. 

VI.  Some  Considerations  of  general  Theory,  connecfednith  thf. 
Metallisation  of  the  Alkalis  and  the  Earths. 
Th«  more  the  properties  of  the  amalgam  obtained  from 
ammonia  are  considered,  the  more  extraordinary  do  they 
appear. 

Mercury  by  combination  with  about  rirVo-o  part  of  it« 
O  4  weight 
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weight  of  new  matter,  is  rendered  a  solid,  yet  has  its  specific 
gravity  diminished  from  13*5  to  less  than  3,  and  it  retains 
all  its  metallic  characters  ;  its  colour,  lustre,  opacity,  and  con- 
ducting powers  remaining  unimpaired. 

It  h  scarcely  possible  to  conceive  that  a  substance  which 
fbrms  with  mercury  so  perfect  an  amalgam,  should  not  be 
metallic  in  its  own  nature*;  and  on  this  idea,  to  assist  the 
discussion  concerning  it,  it  may  be  conveniently  termed  aui- 
inonium. 

•  But  on  what  do  the  metallic  properties  of  ammonium  de- 
pend ? 

Are  hydrogen  and  nitrogen  both  metals  in  the  aeriform 
state,  at  the  usual  temperatures  of  the  atmosphere,  bodies  of 
the  same  character,  as  zinc  and  quicksilver  would  be  in  the 
lieat  of  ignition  ? 

Or  are  these  gases,  in  their  common  form,  oxides,  which 
become  metallized  by  deoxidation  ? 

L  .  Or  are  the  siniple  bodies  not  metallic  in  their  own  natOre, 
but  capable  of  composing  a  metal  in  their  deoxygenated,  and 
an  alkah  in  their  oxygeiuUed  state  ? 

These  problems,  the  second  of  which  was  stated  by  Mr.  Ca- 
■vendish  to  me,  and  tlie  last  of  which  belongs  toMr.Berzelius, 
olfer  most  important  objects  of  investigation. 

I  have  made  some  experiments  in  relation  to  them, but  as 
yet  unsuccessfully,  I  have  heated  the  amalgam  of  potas- 
siuni,  in  contact  with  boih  hydrogen  and  nitrogen,  but  with- 
out attaining  their  metallization  ;  but  this  fact  cannot  be 
considerered  as  decisively  for  or  against  any  one  of  these  con- 
jectures. 

I  mentioned  in  the  Bakepan  lepturefonS07,  that  a  mo- 

*  The  nature  of  the  compounds  pf  sulphur  and  phosphorus  with  mercury 
favours  this  opinion  ;  these  inflammable  bodies  by  combination  img^air  its 
metallic  properties ;  cinnabar  is  a  non-conductor,  and  jt  would  seem  from 
Ptllciicr's  ex'perimiints,  /fun.  dc  Cfiimie,  vol  xiii.  p.  125, that  the  phosphuret 
of  mercury  is  not  metallic  in  its  characters;  charcoal  is  a  conductor,  and  in 
plumbago  carbon  approaches  very  near  to  a  metal  in  its  characters,  so  tjiat 
the  metallic  nature  of  steel  docs  not  militate  a^ain.'tthe  reasoning  in  th^  tcTt. 
The  only  facts  which  I  am  acquainted  with,  that  <io  militate  against  it,  are  the 
metallic  characters  of  some  of  the  sulphuretsand  phosphurtlsof  the  imper- 
fect metals. 

dification 
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cVilicatlon  of  a  phlogistic  chemical  theory  might  be  defended 
on  the  idea  that  the  metals  and  inflammable  solids,  usually 
called  simple,  were  compounds  of  the  same  matter  as  that 
existing  in  hydrogen,  wjth  peculiar  unknown  bases,  and  that 
the  oxides,  alkalis,  and  acids  were  compoi)nds  of  the  same 
bases  with  water,  and  that  the  phcenomena  presented  by  the 
metals  of  the  fixed  alkalis  might  be  explained  on  this  hypo- 
thesis. 

The  same  mode  of  reasoning  may  be  applied  to  the  facts 
of  the  metallization  of  the  earths  and  ammonia,  and  perhaps 
with  rather  stronger  evidences  in  its  favour,  but  still  it  will 
be  less  distinct  and  simple,  than  the  usually  received  theory 
of  oxygenation,  which  I  have  applied  to  them. 

The  general  facts  of  the  combustion,  and  of  the  action  of 
these  new  combustible  substances  upon  water,  are  certainly 
most  easily  explained  on  the  hypothesis  of  Lavoisier ;  and  the 
only  good  arguments  in  favour  oF  a  common  principle  of  in- 
flammability, flow  ^rom  some  of  the  novel  analogies  in  elec- 
trochemical science. 

Assuming  the  existence  of  hydrogen  in  the  amalgam  of 
ammonium,  its  presence  in  one  nielallic  compound  evidently 
leads  to  the  suspicion  of  its  combination  in  others.  And  in 
the  electrical  powers  of  the  different  species  of  matter,  there 
are  circumstances  which  extend  the  idea  to  combustible  sub- 
stances in  general.  Oxygen  is  the  only  body  which  can  be 
supposed  to  be  elementary,  attracted  by  the  positive  surface 
in  the  electrical  circuit;  and  all  compound  bodies,  the  nature 
of  which  is  known,  that  are  attracted  by  this  surface,  contain 
a  considerable  proportion  of  oxygen.  Hvdrooen  is  the  only 
matter  attracted  by  the  negative  surface,  which  can  be  con- 
sidered as  acting  the  opposite  part  to  oxygen :  May  not  then 
the  different  inflammable  bo'^ies,  supposed  to  be  simi)le,  con- 
tain this  as  a  conmion  element  ? 

Should  future  experiments  prove  the  truth  of  this  hypo- 
thesis, still  the  alkalis,  the  earths,  and  the  metallic  oxides 
will  belong  to  the  same  class  of  bodies.  From-  platma  to 
potassium  there  is  a  regidar  order  of  gradation  as  to  their 
physical  and  chemical  properties,  and  this  would  probably 
extend  to  ammonium, could  it  be  obtained  in  the  fixed  form. 

Platina 
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Platina  and  gold,  in  specific  gravity,  degree  of  oxidability, 
and  other  qualities,  differ  more  from  arsenic,  iron,  and  tin, 
than  these  last  do  from  barium  and  strontium.  The  phae- 
nomena  of  combustion  of  all  the  oxidable  metals  are  pre- 
cisely analogous.  In  the  same  manner  as  arsenic  forms  an 
acid  by  burning  in  air,  potassium  forms  an  alkali  and  cal- 
cium an  earth  ;  in  a  manner  similar  to  that  in  which  osmium 
forms  a  volatile  and  acrid  substance  by  the  absorption  of 
oxygen,  docs  the  anialgam  of  ammonium  produce  the  vola- 
lile  alkali  J  and  if  we  suppose  that  amn)onia  is  metallized, 
by  being  combined  with  hydrogen  and  freed  from  water, 
the  same  reasoning  \\\a  likewise  apply  to  the  other  metals, 
with  this  difference,  that  the  adherence  of  their  phlogiston 
or  hydrogen  would  be  exactly  in  the  inverse  ratio  of  their 
attraction  for  oxygen.  In  platina*  it  would  be  combined 
with  the  greatest  energy  ;  in  ammonium  with  the  least ;  and 
if  it  be  separable  from  any  of  the  metals  without  the  aid  of  a 
new  combination,  we  may  expect  that  this  result  will  be  af- 
forded by  the  most  volatile  and  oxidable,  such  as  arsenic,  or 
the  meials  of  the  fixed  alkalis,  submitted  tr  intense  heat, 
under  electrical  polarities,  and  having  the  pressure  of  the  at- 
mosphere removed. 

Whatever  new  lights  new  discoveries  may  throw  upon 
this  subject,  still  the  facts  that  have  been  advanced,  show  that 
a  step  nearer  at  lea.st  has  been  attained  towards  the  true 
knowledge  of  the  nature  of  the  alkalis  and  the  earths  f. 

Something 

*  The  common  metallic  oxides  are  lighter  tlian  their  bases,  but  potasb  an4 
soda  arc  heavier  ;  this  tact  may  be  explained  on  either  theory  ;  the  density  of 
a  compound  will  be  proportional  to  the  attraction  of  its  parts,  Platina, 
having  a  weak  aftinity  for  oxygen,  cannot  be  supposed  to  condense  it  in  th^ 
same  degree  as  potassium  does;  or  if  platina  and  potassium  be  hoth  com- 
pounds of  hydrogen,  the  hydrogen  must  be  attracted  in  platina  with  an 
energy  infinitely  greater  than  in  potassium.  Sulphuric  acid  is  lighter  than 
sulphur  ;  but  phosphoric  acid  (where  there  is  a  stronger  aflinityj  is  heavier 
than  phosphorus.  The  oxide  of  tin  fwood  tin)  is  very  litilc  inferior  to  tin  in 
specific  gravity.  In  this  instance  the  metallic  base  is  comparatively  Ught,  and 
the  aitraction  for  oxygen  strong  ;  and  in  a  c.ise  when  tlieme'.al  is  much  lighter 
and  the  attraction  for  oxygen  stronger,  it  miglit  be  expected  a  piii>ri  that  tiUt 
oxide  would  be  heavier  than  the  ba>e. 

•f  Since  tla;  facts  iii  tuifs  paper  were  cwmmunirated  to  t^  Royal  Society,^' 
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Something  has'  been  separated  from  them  which    adds  to 

their  weight  ;  and  whether  it  be  considered  as  oxygen,  eras 

water, 

I  have  seen  nn  account  of  some  very  ciirinus  eiperiments  of  M.  M.  Gay  Lii-s- 
sac  and  Thenard,  (in  number  118  of  the  Mumtvur,  for  1808,  which  I  have 
just  received,)  from  one  of  wliich  they  have  concluded,"  that  potajgium  tiiay 
b«  a  compound  of  hydrogen  and  potash." 

These  gentlemen  are  said  to  have  heated  potassium  in  Ammonia,  and  found 
that  the  ammonia  was  absorbed,  and  that  hydrogen  gas  equal  to  two-third* 
of  its  volume  appeared,  and  that  the  potassium  by  this  process  had  become  of 
a  grayish-green  colour.  By  heating  this  grayish-green  substance  consider- 
ably, two-fifths  of  the  ammonia  were  again  emitted,  vv'nh  a  quantity  of  hydro- 
gen and  nitrogen  corresponding  to  one-iifth  more;and  by  adding  water  to  the 
mixturc,and  heating  it  very  stronglyagain,  they  obtained  the  remainder  of  tl.e 
anviionia,  and  nothing  but  potash  was  left. 

In  these  complex  processes,  the  phsnomena  may  be  as  easily  explained  on 
the  idea  of  potassium  being  a  simple,  as  that  of  its  being  a  compound,  sub- 
itance;  nor  when  the  facts  that  have  been  stated  in  this  paper,  and  thoic 
I'.bout  to  be  stated,  are  considered,  can  the  view  of  these  distinguished  clie- 
iTiists,  as  detailed  in  the  notice  referred  to,  be  at  all  admitted. 

Potash,  as  I  have  found  by  nunicrous  experiments,  has  no  affinity  fhr  aiji- 
monia,  for  it  does  not  absorb  it  v/hen  heated  in  it ;  it  is  net  therefore  (allow- 
ing their  theory)  pos'ible  to  conceive  that  a  substance  having  no  attraction 
for  potash,  should  repel  from  it  a  substance  which  is  intimately  combined  with 
it,  and  which  can  be  separated  in  no  orher  way. 

A  part  of  the  hydrogen  evolved  in  their  experimeut,  r«ay  be  furnished  by 
water  contained  in  the  ammonia;  but  It  is  scarcely  possible  that  the  whole  of 
it  can  be  derived  from  this  source, for  on  such  an  ioea  the  ammonia  must  con- 
tain more  than  half  its  weight  of  water.  There  is  however  no  evidence  that 
the  whole  of  the  hydrogen  may  not  be  tur;ushed  by  the  decomposition 
of  the  volatile  alkali  itself.  Potas-iium  in  its  fir^t  degTce  of  oxygenation  may 
have  an  affinity  for  nitrogen,  or  potassium  ir.ay  expel  a  portion  of  hydrogen  at 
the  moment  of  its  combination  with  ammomum ;  and  as  the  whole  of  the  am- 
monia cannot  be  regenerated  without  the  presence  of  water,  hydrogen  and  a 
little  oxygen  may  be  furnislied  to  the  remaining  elements  of  the  ammonia, 
from  the  water,  and  oxygen  to  the  potassium. 

Even  before  the  conclusion  was  formed,  th;a  a  metallic  substance  is  decom* 
posed  in  this  e-iperiment,  it  should  have  been  proved  that  the  nitrogen  had 
not  been  altered. 

That  mere  potash,  combined  with  hydrogen,  cannot  form  potassium,  is,  ( 
think,  ?hown  by  auexperiment  which  1  tried,  in  consequenceof  the  important 
fact  lately  ascertained  by  M.  M.  Gay  Lussac  and  Thenarcl,  of  the  deoxidalion 
of  potash  by  iron. 

All  ounce  of  potash  was  kept  in  ignition  for  some  time  in  an  iron  tube, 
ground  into  a  gun  barrel  in  which  one  ounce  and  :  i:alf  of  iron  turnings 
were  ignited  u>  whitpness  ;  a  commuiiication  was  opened,  by  withdrawing  % 
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water,  the  inflammable  body  is  less  compounded   than   the 

uninfliimmable  substance  resulting  from  its  combustion. 

Other 

wire  which  closed  tlic  tube  containing  the  potash,  between    that  alkali  and 
the  metal. 

As  the  potash  came  in  contact  w'th  tlie  iron,  gaseous  matter  was  developed, 
which  was  received  in  a  proper  apparatus,  and  though  some  of  it  was  lost  by- 
passing through  the  potash  into  the  atmosphere,  yet  nearly  half  a  cubic  foot 
was  preserved,  which  proved  to  be  hydrogen.  In  the  tube  were  found  two 
products,  one  in  the  quantity  of  a  few  grains,  containing  potassium,  combined 
with  a  small  quantity  of  iron,  and  which  had  sublimed  in  the  opeiation,  and 
the  other,  a  fixed  white  metallic  substance  which  consisted  of  an  alloy  of  iron 
and  potassium. 

The  first  of  these  substances  burnt  when  thrown  upon  water  ;  and  in  its 
other  characters  resembled  pure  potassium,  except  that  its  specific  gravity  was 
greater,  its  colour  less  brilliant,  and  when  it  tarnished  in  the  atmosphere,  it 
became  of  a  much  deeper  colour  than  pure  potassium. 

Now  potash  that  has  been  ignited,  is  the  purest  form  known  of  this  al- 
kali ;  but  on  M.  M.  Gay  Lussac's  and  Thenard's  theory,  this  potash  must 
contain  water,  not  onlv  sufficient  to  furnish  hydrogen  to  metallize  the  alka- 
li, but  likewise  the  quantity  disengaged  :  dry  potash,  then,  as  it  is  procured 
in  our  e.xperiments,  must  on  this  theory  be  a  compound,  containing  a  con- 
siderable quantity  of  matter  which  can  furnish  hydrogen  ;  and  what 
would  be  its  form  or  properties  if  deprived  of  this  matter  we  are  wholly  un» 
able  to  judge,  which  brings  this  question  to  the  general  question  discussed  in 
the  text. 

Potassium  I  find  may  be  produced  readily  from  dry  ignited  potash  in  elec- 
trical experiments  ;  and  the  result  of  the  combustion  of  potassium  in  oxygen 
gas  is  an  alkali,  so  dry  that  it  produces  violent  heat,  and  ebullition  when 
water  is  added  to  it. 

In  M.  M.  Gay  Lussac's  and  Thenard's  experiment  on  the  action  of  potas- 
sium on  ammonia,  the  hydrogen  disengaged  in  the  first  process,  and  that  ex- 
isting in  the  ammonia  disengaged  in  the  second  process,  exactly  equals  the 
whole  quantity  contained  in  the  ammonia.  But  there  is  no  proof  of  any  hy- 
drogen being  disengaged  from  the  potassium,  for  the  ammonia  lost  is  not  ge- 
nerated, nor  potash  formed,  but  by  the  addition  of  a  substance,  consisting  of 
oxygen  and  hydrogen ;  and  as  the  three  bodies  concerned  in  this  experiment 
are  potassium,  ammonia,  and  water,  the  result  ought  to  be  potash,  ammonia, 
and  a  quantity  of  hydrogen,  equal  to  that  evolved  by  the  mere  action  of  water 
on  potassium,  which  is  said  to  be  the  case. 

Even  if  there  were  no  other  proofs,  the  chemical  properties  of  potassium 
are  so  wholly  unlike  those  that  might  be  expected  from  a  compound  of  potash 
and  hydrogen,  that  they  are  almost  sulTicieut  to  decide  the  question.  Potas- 
sium acts  upon  water  with  much  more  energy  than  potash, and  produces  much 
more  heat  in  it,  and  yet  if  a  compound  of  hydrogen,  theaffinity  of  potash  for 
water  must  be  diminiahcd  by  its  alUuity  for  hydrogen,  to  say  uothing  of  the 
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Other  hypotheses  might  be  formed  upon  the  new  electro- 
chemical tacts,  in  which  still  fewer  elements  than  those  al- 
lowed in  the  antiphlogistic, or  phlogistic  theory  might  be 
maintained.  Certain  electrical  states  always  coincide  with 
certain  chemical  states  of  bodies.  Thus  acids  are  unifoimly 
negative,  alkalis  positive,  and  inflammable  substances  high- 
ly positive  ;  and,  as  I  have  found,  acid  matters  when  posi- 
tively electrified,  and  alkaline  matters  when  negatively 
elecirified,  seem  to  lose  all  their  peculiar  properties  and 
powers  of  combination.  In  these  instances  the  chemical 
qualities  are  shown  to  depend  upon  the  electrical  powers  ; 
and  it  is  not  impossible  that  matter  of  the  sanie  kind,  pos- 
sessed of  different  electrical  powers,  may  exhibit  different 
chemical  forms  *. 

I  ven- 

quantity  of  heat,  which  ought  (on  the  common  theoi^/  of  capacity  for  heatj  to 
be  carried  off  by  this  light  inflammable  gas. 

Potassium  burns  in  carbonic  acid,  and  precipitates  charcoal  from  it  ; 
whereas  hydrogcnelectrized  with  carbonic  acid, converts  it  into  gaseous  oxide 
of   carbon. 

Potash  has  a  very  slig-ht  attraction  for  phosphorus;  bnt  potassium  has  a 
very  strong  affinity  for  it,  so  as  to  sepiirate  it  from  hydrogen,  and  according 
to  M.  M.  Gay  Lussac  and  Thenard,  with  the  phanomena  of  inflammation. 
Potash  has  no  affinity  for  arsenic,  yet  from  the  experimentsof  these  gentlemen, 
it  appears  that  potassium  separates  arsenic  from  arseniated  hydrogen  ;  and 
hydrogen,  which  is  supposed  by  them  to  exist  in  both  compounds,  can  have 
no  affinity  for  hydrogen, nor  can  hydrogen  in  one  form,  be  supposed  capable 
of  separating  arsenic  from  hydrogen  in  another  form. 

CcuJd  not  the  experiment  of  M.  M.Gay  Liissac  and  Thenard  be  explained, 
except  on  the  supposition  of  thehydros^en  being  derived  from  the  pora;s:um,it 
would  be  a  distinct  fact  in  favo'ir  of  the  revival  of  the  theory  of  plilogiston. 
It  would  not  prove,  however,  that  potassium  is  composed  of  hydrogen  and 
potash;  but  that  it'is  composed  of  hydrogen  and  an  unknown  baiis ;  and  that 
potiish  is  this  basis  united  to  water. 

*  Philosophical  Transactions,  1807.  Part  I.  p  '23.  The  amal<iam  cbtained 
from  ammonia  offers  difficulties  to  both  the  phlogistic  and  antiphlogistic  hy- 
potheses. If  we  a'isuiTie  the  phlogistic  liypothesis,  then  we  must  assume  thst 
nitrogen,  by  combining  with  one-fourth  of  its  weight  of  hydiogen,  can  form 
an  alkali,  and  by  combining  with  one-twelfth  more,  can  become  metallic.  Jf 
we  reason  on  the  antiphlogistic  hypothesis,  we  must  assert,  that  though  ni- 
trogen hSs  a  weaker  affinity  for  oxygen  than  hydrogen,  yet  a  compound  of 
hydrogen  and  nitrogen  is  capable  of  decomposing  water. 

The  first  assumption  is  however  by  far  the  most  contradictory  to  the  order 
of  common  chemical  facts  r  the  last,  though  it  cannot  be  wholly  removed,  is 
yet  Icjseiied  by  analogies.  Thus  alloys  iu  general,  and  inflammable  compound-;, 
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I  venture  to  hint  at  these  notions  :  but  I  do  not  attach 
much  importance  to  tlicm ;  the  age  of  chemistry  is  not  yet 
sufficiently  mature  for  such  discussions  j  the  more  subtile 
powers  of  matter  are  but  just  beginning  to  be  corjsidered  ; 
and  all  general  views  concerning  them  must  as  yet  rest  upon 
feeble  and  imperfect  foundations. 

Whatever  be  tlie  fate  of  the  speculative  part  of  the  inquirv, 
the  facts  however  will,  I  hope,  admit  of  many  application:-, 
and  explain  some  phaenomena  in  nature. 

The  metals  of  the  earths  cannot  exist  at  the  surface  of  the 
globe,  but  it  is  very  possible  that  they  may  form  a  part  of 
the  interior;  and  such  an  assumption  would  offer  a  theory  for 
the  pha;nomena  of  volcanosj  the  formation  of  lavas,  and  the 
excitement  and  effects  of  subterraneous  heat*,  and  would 
probably  lead  to  a  general  hyj)othesis  in  geology. 

are  more  oxidable  than  the  simple  substances  that  compose  them.  Kulphuret 
of  iron  at  common  temperatures  decomposes  water  with  facility,  wliereas  sul- 
phur under  the  same  circumstances,  has  no  action  on  water,  and  iron  a  very 
small  or.i'.  The  compound  of  phosphorus  and  hydrogen  is  more  inflammable 
than  either  of  its  constitueiits. 

Should  a  new  theory  of  the  dependence  of  the  chemical  forms  of  matter 
upon  electrical  powers  be  established,  tlit  facts  belon^^ing  to  ammonium  would 
admit  of  a  piore  easy  solution.  Ammonium  might  be  supposed  to  be  a  simple 
body,  which  by  combining  with  diftercnt  quantises  of  water,  and  in  difTcreut 
slates  of  electricity,  formed  nitrogen,  ammonia,  atmospherical  air,  nitrous 
Glide,  nitrous  gas,  and  nitric  acid. 

Water,  on  this  idea,  must  be  supposed  a  constituent  part  of  all  the  different 
gases;  but  its  electricities  in  ox)gen  and  liydiogen  would  probably  be  the 
very  reverse  of  what  they  have  been  supposed  by  M.  Rittcr,  and  some  inge- 
nious English  inquirers. 

Water  positively  electrified  would  be  hydrogen,  water  negaiivtly  electri- 
fied, oxygen  ;  and  as  in  the  physical  experiments  of  temperatuic,  ice,  added 
to  certain  quantities  of  steam  by  an  equilibrium  of  heat  produces  water,  so 
in  the  chemical  experiment  of  the  generation  of  water  the  positive  and  nega- 
tive electricity  of  oxygen  :\i\d  hydrogen  in  certain  proportions  would  annihi- 
late each  other,  and  water  alone  be  the  result.  At  all  events  ammonium, 
whether  simple  or  cumpomid,  must  be  considered  as  owing  its  attraction  for 
oxygen  to  its  highly  positive  electrical  state,  wliich  isshouii  by  its  powerful 
determination  to  the  negative  surface  in  the  Voltaic  circuit. 

*  Let  it  bcas-iumed  that  the  metals  of  the  earths  and  alkalis,  in  allov  with 
common  mttals,  exist  in  large  quantities  beneath  the  surface,  then  their  ac- 
cidental exposure  to  the  action  of  air  and  water  must  produce  the  eflcct 
of  (ubterraneau  fire,  and  a  product  of  earthy  and  £tor.y  matter  analogous  to 
Uvat. 

The 
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The  loniinous  appearance  of  those  meteors  connected  with 
i)>e  fall  of  stones,  is  one  of  the  extraordinary  circumstances 
of  these  vvonderful  phaenomena.  This  effect  may  be  ac- 
couat'.'d  for,  by  supposing  that  the  substances  which  fail, 
con\e  into  our  atmosphere  in  a  metallic  state:  and  that  the 
earths  they  principally  consist  of  are  a  result  of  combustion; 
but  this  idea  has  not  the  slightest  connection  with  their  ori- 
gin or  causes. 


XXX J  V.  An  Inquiry  into  the  Stmcture  of  Seeds,  and  espe- 
cially into  the  true  Nature  of  that  Part  called  by  Gcertner 
the  ntellus.  By  James  Edward  Smith,  M.D.  F.R  S^ 
P.L.S* 

vT^-ERTNER,  SO  justly  celebrated  for  his  anatomical  and  phy- 
siological inquiries  into  the  nature  of  seeds  in  general,  and 
for  his  particular  illustration  of  one  thousand  different  kinds^ 
claims  the  merit  of  first  givi^-g  a  name  and  definition  to  a 
part  called  by  him  the  Fitellus,  which,  though  not  entirely 
unobserved  by  preceding  philosophers,  had  received  no  par- 
ticular description  nor  explanation.  Before  wc  enter  uponr 
the  investigation  of  this  organ,  it  is  necessary  to  consider 
the  structure  and  functions  of  the  parts  of  a  seed  in  general  j 
and  this  it  will  be  best  to  do  physiologically^ 

Three  agents  are  necessarv  to  the  germination  of  seeds, — 
moisture,  heat,  and  air.  A  seed  committed  to  the  ground 
absorbs,  through  the  vessels  of  ils  base,  the  juices  of  the 
soil,  or  any  other  moisture  that  comes  in  its  way  ;  while  it 
receives,  throughout  its  whole  substance,  a  dt-finite  portioit 
of  heat,  some  seeds  requiring  a  greater  share  of  the  latter, 
for  the  purposes  of  vegetation,  than  others.  Moisture  and 
heat,  however,  are  not  of  themselves  sufficient  to  cause  the 
germination  of  seeds.  It  has  long  been  known  that  aip  is 
equally  necessary  ;  and  modern  chemists  have  ascertained 
oxygen  gas  to  be  the  particular  ingredieiit  of  the  atmospheric 
air  which  is  requisite,  and  which   is  absorbed  bv  seeds,  hi, 

•  From  Linnxau  Transi-c.ions,  vol,  ii.  p.  20-i. 
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the  moments  of  incipient  germination,  from  or  through  the 
surnninchng  soil.     Thus  the  bulk  of  the  seed  is  increased, 
and  its  vital  principle  stimulated.     It  bursts  its  immediate 
integument,  or  testa,  and  in  the  first  place  sends  forth  the 
radicle,  or  young  root,  into  the  ground.     This  part  being, 
as  Dr.  Darwin  well  observes,  most  susceptible  of  the  sti- 
mulus of  moisture,  elongates  itself  in  the  direction  in  which 
it  meets  with  that  stimulus ;  and  descending  into  the  earth, 
■while  it  fixes  the  infant  j)lant,  assumes  its  own  proper  func- 
tion of  imbibing  nourishment  fof  the  future  support  of  that 
plant.     But  before  any  supplies  can  be  thus  obtained,  con- 
siderable demands  are  n)ade,  even   by  the  root  itself;  and 
not  only  an  evolution  of  parts,  but  likewise  an  increase  of 
bulk,  takes  place  in  the  young  vegetable.     For  this  neces- 
sary  purpose  a  store   is   prepared  in   I'lie  albumen,  a  sub- 
stance either  constituting  a  separate  body   by  itself,  as  in 
grasses^  corn,  palms,  &cc.,  which,  from/ a  hard,  dry,  and 
tasteless  mass,  changes,  by  the  actiou  of  water  and  oxygen, 
into  a  milky  or  saccharine  fluid  ;  or   the  same   substance  is 
lodged  in,  or  united  with,  the  bulk  of  another  part,  next  to  be 
mentioned,  the  cotyledon,  or,  as  they  arc  geu-rally  of  the 
plural  number,   cotyledons.     As  ihc  root  is  the  part  stimu- 
lated bv  moisture,  the  cotyledons  appear  to  be  most  stimu- 
lated by  air,  and  they  consequently  raise  themselves,  for  the 
most  part,  out  of  the  ground  in  order  to  receive  it,  in  the 
form  of  seminal  leaves  well  known  to  perform,  for  a  time, 
the  fiuictions   of  real   leaves,  and   even,   by   the  action  of 
lirht,  to  assume  iheir  green  colour.     The  alhumcn  cannot 
be  said  to  be  stimulalcd,  or  acled  upon  as  a  living  body,  by 
the  air  or  gas,  which  only  produces  chemical  changes  in  it; 
and   the  destination   of  this   substance  being  soon  accom- 
plished, it  disappears  by  absorption.    Not  so  the  other  parts 
of  the  seed,  one  of  which  becomes  the  still  descending  root, 
the  other  the  nurse,  or,  if  we  may  say  so,  the  foster-brother 
of  the  young  ascending  plant,  whicli  last  originates  from 
the  extremity  of  the  embryo  opposite  to  the  root,  but  always, 
like  that,  most  intimately  connected  with   the  cotyledons. 
These  indeed,  sooner  or  later,  wither  away  ;  when  the  ac- 
quisition of  real  and  more  ample  foliage  rcu<lcrs  them  super- 
fluous. 
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fluous,  or  no  longer  necessary.  But  all  cotyledons  do  not 
ascend  out  of  the  carili,  nor  assume  any  of  those  functions 
of  leaves  in  which  light  is  concerned.  In  the  horse  chesnut, 
the  ci/amiis  nelambo,  the  tropceoLiim  viajus,  and  some  other 
plants,  they  always  remain  buried,  no  doubt  acted  upon  by 
the  air  or  gas  alone.  Even  in  plants  of  the  same  natural 
order,  papilionacccP,  some,  as  Ii/pinr/.s,  raise  thciv  cotyledons 
into  the  air  and  light,  in  the  form  of  very  conspicvious  green 
seed-leaves;  while  others,  as  lathyrus,  retain  them  under 
ground,  concealed  in  the  black  skin  of  the  seed,  quite  out 
<\f  the  reach  of  every  ray  of  the  latter.  In  these  we  know  a 
farinaceous  alhmien  is  lodged,  whether  they  rise  into  the 
light  or  not ;  and  the  closest  analogy  leads  us  to  conclude 
that  their  functions  are  otherwise  similar,  which  can  only 
be  with  respect  to  air.  Even  cotyledons  however  are  not 
indispensably  requisite  to  a  seed,  though  the  albumen  ap- 
pears to  be,  in  some  form  or  other,  necessary  to  all  seeds. 
Not  to  mention  the  tribes  of  vegetables  allowed  or  guessed 
to  be  without  cotyledons,  and  thence,  for  systematical  con- 
venience, denominated  acotyledonous ;  all,  who  have  suf- 
ficiently considered  the  matter,  know  that  in  those  called 
monocotyledonous,  what  is  vulgarly  taken  for  ihe  cotyledon 
is  reallv  an  albumen,  a  part  fundamentally  distinct  in  func- 
tions from  what  is  proper  to  a  cotyledon.  Thus  even  so 
conspicuous  a  family  of  plants  as  the  orcludece,  which  the 
faithful  Jussicu  confesses  were  only  presumed  from  analogy 
to  be  monocotyledonous,  or,  as  he  guardedly  expresses  it,  to 
have  "  a  single-lobed  corciihnn"  have  been  shown  by  Mr. 
Salisbury,  in  the  8th  volume  of  cur  Transactions,  the  only 
person  I  believe  who  has  well  examined  their  germination, 
to  have  in  fact  an  albumen,  but  no  cotyledon  at  all.  Nor 
does  such  ambiguity  or  uncertainty  belong  to  this  family 
alone.  Many  plants  are  presumed  to  be  monocotyledonous, 
chiefly  because  they  grow  in  the  water;  and  it  is  much  to 
be  regretted  that  this  fundamental  principle  of  all  natural 
systems  should  in  many  cases  be  so  ill -established,  atid  yerv 
often  so  extremely  difficult  to  detect  or  to  determine  ;  which 
Jiappens  in  general  where  its  help  is  most  wanted,  as  I  sliail 
Vol.  32.  No.  127.  Du-.  1S08.  P  prestnilr 
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presently  endeavour  to  show  ;  but  I  must  first  speak  of  the 

niore  immediate  object  of  the  present  essay. 

Gairtncr  asserts  the  vitellus  oi  seeds  to  be  "  distinct  from 
the  cotyledons  as  well  as  from  the  albumen,  and,  for  the 
most  part,  situated  between  the  latter  and  the  embryo." 
He  considers  as  its  principal  diagnostics  the  three  following 
characters  :  *'  1st,  That  it  is  most  closely  connr cled  with  the 
embryo,  so  as  not  to  be  separable  from  it  \\  ithout  injury  to 
its  own  substance  :  2dly,That  notwithstanding  this  intimate 
connection)  ii  never  rises  out  of  the  integuments  of  the  seed, 
as  the  cotyledons  usually  do,  in  germination,  so  as  to  be- 
come a  seminal  leaf,  but,  rather  like  the  albunjen,  its  whole 
substance  is  destroyed  by  the  seedling  plant,  and  converted 
into  its  own  nourishment :  and  3dly,  That  if  the  albumen 
be  likewise  present,  the  vitellus  is  always  situated  betwixt 
that  and  the  embryo,  in  such  a  manner,  however,  that  it 
may  be  separated  from  the  albumen  with  great  ease  and 
without  injury."  For  which  reasons  this  able  writer  con- 
siders the  organ  in  question  as  "  allied  on  the  one  hand  to 
the  albumen,  on  the  other  to  the  cotyledons,"  but  truly 
distinct  in  nature  from  both.  He  proceeds  to  observe  that 
"  it  is  of  all  the  internal  parts  of  a  seed  the  most  singular, 
and  by  far  the  most  unfrequent." 

Now,  to  consider  all  these  points  separately,  in  the  1st 
place,  The  vitellus  is  not  more  closely  connected  with  the 
embryo  than  the  greater  part  of  cotyledons  are;  according 
to  the  figures  and  descriptions  of  Gaertncr  himself,  the  fi- 
delity of  which  must  be  evident  to  any  one  in  the  habit  of 
using  his  book,  and  especially  to  those  who  will  take  the 
trouble  of  comparing  a  few  of  them  w  ith  the  seeds  to  which 
they  refer,  while  in  the  earliest  stage  of  germination,  at 
which  time  the  relative  connection  of  the  parts  is  best  ascer- 
tained. 2dly,  That  the  vitellus  never  rises  out  of  the  ground, 
is  a  circumstance  conunon  to  it  with  many  cotyledons,  al- 
lowed to  be  such  by  Gaeriner,  as  in  the  leguminous  plants, 
and  others  already  mentioned.  3dly,  That  the  vitellus  is 
situated  between  the  albumen  (if  the  latter  be  present  as 
a  separate  organ)   and  the  embryo,  is  only  a  necessary  coit- 
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sequence  of  the  more  intimate  connection  between  it  and 
the  latter  than  either  of  them  has  with  any  other  part,  which 
is  also  precisely  true  of  the  cotyledons  and  embryo,  as  above 
mentioned.  For  these  reasons  T  presume  the  vitellas  to 
differ  in  no  respect  from  the  subterraneous  cotyledons  al- 
ready described  ;  and  that  its  office  is  to  perform  the  neces- 
sary functions  relative  to  air  or  oxygen,  till  the  leaves  come 
forth  and  assume  those  functions,  in  greater  perfection, 
with  the  cooperation  of  light.  This  seems  more  satisfactory 
than  the  opinion  of  Gartner,  that  the  organ  under  consi- 
deration affords  nourishment  to  the  cnibivo  ;  because  this 
is  abundantly  supplied  by  the  copious  albumen  of  a  multi- 
tude of  seeds  whose  vitellits  is  very  inconsiderabie,  as  grasses , 
and  because  it  is  unphilosophical  to  recur  to  two  causes, 
when  one  is  evidently  siuTicient.  In  fact,  the  vltelluSy  as  far 
as  I  can  observe,  only  dwindles  away  when  the  leaves  un- 
fold, exactly  as  happens  to  the  subterraneous  cotyledons. 
The  same  thing  very  often  takes  place  as  speedily  in  those 
which  rise  out  of  the  ground  ;  the  existence  of  the  latter  ap- 
pearing to  be  prolonged  in  some  instances,  merely  by, their 
nearer  approach  to  the  nature  of  leaves,  as  in  umbelliferous 
and  cruciform  plants.  The  difference  of  duration  is  still 
moic  evident,  and  more  instructive  as  to  our  present  pur- 
pose, in  the  leguminous  family,  between  such  cotyledons  as 
rise  above  the  ground,  like  lupines,  and  those  which  remaia 
buried,  like  vetches,  the  latter  decaying  as  quickly  as  any 
supposed  vitellns  can  do.  In  grasses  the  scale,  taken  by 
Gartner  for  a  vitellus,  is  mostly  so  thin  and  unsubstantial, 
as  not  possibly  to  contain  any  material  portion  of  nourish- 
ment;  but  its  expanded  figure  is  very  well  calculated,  like 
that  of  the  leaves,  for  lunctions  analogous  to  vegetable  re-pi- 
ration,  and  its  whole  aspect  conve\s  the  idea  of  a  primary 
or  subterraneous  leaf,  quickly  rendered  superfluous  by  the 
production  of  real  leaves,  which,  as  well  as  the  radicle,  are 
probably,  in  the  first  stage  of  their  evolution,  fed  by  the 
abundant  juices  of  the  albumen.  It  appears  that  the  pre- 
tended vitellus  is  not  necessary  to  all  plants  furnished  \  ith 
this  distinct  kind  of  albumen.  The  palms  and  orchidece 
prove  to  be  destitute  of  it.  On  the  other  hand,  1  can  find 
P  2  no 
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t)0  instance  of  a  supposed  vitelins,  and  a  real  cotyledon  or' 
cotyledons,  in  the  same  plant.  What  Gcertner  terms  the 
cotvledons  oi  rhizophora,  in  his  tab.  45,  appears  to  me  to  he 
the  plumula,  and  in  his  descriptions  of  some  of  the  scita- 
iniiiecc,  he  evidently  takes  the  latter  for  a  cotyledon. 

Ry  understanding   the  vilcUus  as  a  cotyledon,  all  ambi- 
,sg«ily  respeetinjr  the  component  parts  of  any  seed  is  removed. 
When  the  cotyledons  are  two  or  more,  the  only  question  is, 
whether  the  albuminous  matter  is  lodged  in  their  substance, 
or  whether  it  forms  a  separate  organ.     When  the  embryo  is 
accompanied  by  a  simjile  undivided  organ  or  seed-lobe,  we 
know  it  to  be  a  cotyledon  by  its  strict  union,  or  even  partial 
incorporation,  with  the  embryo,  as  in  zamia*  ;  whereas  the 
pure  separate  albumen  of  the  true  palms  has,  as  in  every  other 
instance,  no  more  connection  with  the  embryo,  according 
to  Cjrertner's  just  remark,  than  is  absolutely  iiecessary  ;  and 
moreover  evinces  its  trtic  nature  by  the  chemical  alteration, 
and  speedy  absorption,  of  its  whole  substance.   The  cotyle- 
don, as  I  consider  it,  oi'  zmnia,  as  in  numerous  parallel  in- 
stances, shrivels  and  shrinks  indeed  considerably,  from  the 
absorption  of  its  albuminous  contents  by  the  vegetating  em- 
bryo, b'lt  does   not  disappear,  leaving  only  a  skin  behind, 
like  the  albumen  of  grasses  or  corn,  because  that  part  of  its 
substance  which  is   destined  to  perform  the  office,  essential 
tl)  a  cot)  ledon,  concerning  air,  merely  decays  when  its  end 
is  answered.     It  may  further  be  observed  upon  this  subject, 
that  the  albuminous  matter  of  seeds  with  two  or  more  co- 
tyledons is  commonly  of  an  oily  nature,  while  those  with 
one  cotyledon  or  none  at  all,  have  a  more  farinaceous,  or 
even  stony,  albumen.    Still  the  latter  changes  to  a  milky  or 
oilv  fluid,  previous  to  its  absorption.     When  the  vital  prin- 
ciple of  a  seed  is  extinct,  its  albuminous  oil  becomes  rancid, 
and,  even  in  seeds  that  retain  life,  is  liable  to  sufTer  some 
deterioration    by    keeping.     Hence,    as   Darwin   observes, 

*  Mr.  R.  Brown,  >vlio  lias  observed  the  g;criiiination  of  a  larjjc  spccici  of 
tamiti  in  New  Holland,  as-iurcs  me  tliat  hi-  found  no  such  incorporation  of 
ihc  parts  in  ijuci-tion,  as  CJa;riner  has  represented  in  liis  /.  ^^,  and  that  the 
)»(iuctnre  and  evolution  of  every  part  bore  au  exact  rcjcmbiance  to  rj/rai  a» 
fcf^c+ibed  b^  M.  Aubvrt  du  Petit  Thoxiarsv 
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gardeners  preserve  melon  and  cucumber  seeds,  perhaps  for 
years,  that  the  plants  they  produce  may  be  less  luxuriant,  in 
consequence  of  being  starved  at  their  first  germination  j  tor 
any  injury  to  the  cotyledons,  even  after  they  begin  to  rise 
above  ground,  is  found  to  cramp  the  subsequent  growth  of 
the  plant.  The  oil  of  the  cotyledons  has  been  usually  sup- 
posed a  protection  to  their  internal  parts,  1  presume  against 
wet ;  but  this  purpose  it  by  no  means  does  or  can  answer, 
for  all  seeds  readily  absorb  moisture  whenever  they  meet 
with  it,  and,  if  likewise  exposed  to  the  action  of  oxygen, 
ihey  vegetate,  in  whatever  situation  they  may  otherwise 
happen  to  be.  I  suspect  moreover  that  the  oily  and  muci- 
laginous fluids  of  seeds  in  general,  before  they  perform  their 
office  in  germination,  all  previously  become  milky,  and  often 
saccharine,  from  the  actions  of  water  and  oxygen.  It  might 
be  worth  while  to  inquire,  whether  exposure  of  such  seed5 
as  are  most  prone  to  turn  rancid,  to  a  cjuantity  of  oxygen, 
would  tend  to  preserve  them.  It  is,  I  believe,  found  that 
the  admission  of  some  atmospheric  air  is  necessary  to  th». 
preservation  of  many  seeds.  The  primary  cause  of  decay 
therefore  in  seeds  spoiled  by  keeping  may  originate,  not,  ai 
I  have  supposed,  in  the  extinction  of  their  vital  principle, 
but  in  the  corruption  of  their  albuminous  oils ;  and  this  is 
strengthened  by  the  experiments  of  the  French  cheniists, 
whose  applications  may  much  more  readily  be  supposed  to 
correct  and  restore  the  albuminous  juices,  than  to  bring  the 
dead  to  life. 

This  idea  of  the  albuminous  matter,  whether  oily,  muci- 
laginous, or  farinaceous,  being,  when  not  a  distinct  and 
separate  body,  always  lodged  in  the  cotyledons,  throws  ad- 
ditional light  on  the  nature  of  the  last-mentioned  parts,  and 
jn  a  very  beautrful  manner  confirms  their  analogy  with 
leaves.  The  discoveries  of  Mr.  Knight  have  proved  that  th^ 
ivutritious  fluid  or  sap  of  plants  is  carried  into  the  leaves,  in 
order  to  be  there  acted  upon  by  air,  light,  heat,  and  mois- 
ture. After  these  agents  have  produced  their  effects^  the 
fluids  are  sent  back,  through  the  returning  vessels,  into  the 
branch  or  stem,  to  furnish  matter  of  increase  to  the  whole 
vegetable  body.  The  chemical  experiments,  of  Dr.  Priestley 
F  3  inori! 
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more  especially,  confirm  this,  by  teaching  us  that  carbonic- 
acid-gas  is  absorbed  by  leaves  in  the  day-time  through  their 
upper  surface,  and  decomposed  by  them,  its  carbon  being 
added  to  the  sap,  and  its  oxygen  emitted  by  the  under  sur- 
face. In  the  dark,  leaves  are  found  to  absorb  oxygen.  Let 
us  apply  all  this  to  the  germination  of  seeds.  The  oxygen, 
known,  as  I  have  already  said,  to  be  necessary  to  this  pro- 
cess, being  conveyed  to  the  seed  in  its  dirk  subterraneous 
situation,  is  absorbed  by  its  cotyledons,  already  stored,  from 
the  constitution  of  the  parent  plant  during  their  formation, 
with  albuminous  inatter  al)ound;i)g  with  the  carbonic  prin- 
ciple. The  chemical  action  of  the  oxygen  on  this  albumi- 
nous substance,  renders  the  latter  a  more  or  less  saccharine, 
and,  with  the  addition  of  the  imbibed  moisture,  a  milky 
fluid,  fit  to  be  transmitted,  through  the  returning  vessels  ot 
the  i.otyledons,  into  the  stem  of  the  embryo,  especially  as 
all  these  important  parts  have  already  begun  to  swell  by  the 
absorption  of  moisture  assisted  by  warmth.  Hence  we  sec 
why  light  is  found  hurtful  to  incipient  germination,  and  why 
carb'onic-acid-gas  may  be  given  out  by  seeds  at  that  period. 
We  perceive  also  why  the  outside  of  seeds  is  so  commonly 
darkrcoloured,  or  even  black,  as  in  canna,  afzel'inj  and 
others,  it  being  the  only  part  of  the  vegetable  body,  as  far 
as  I  recollect,  that  is  ever  positively  black,  except  perhaps 
the  skins  of  some  fruits.  It  is,  moreover,  evident  that  all 
the  indispensable  functions  of  the  cotyledons  are  best  pcr- 
I'ormed  u.ider  ground,  and  that  when  they  rise  into  the  air 
and  light,  it  is  not  till  after  their  priujary  destination  is  ful- 
filled, and  then  bt-cause,  being  I'uudamentally  of  the  nature 
of  leaves,  they  are  also  capable,  in  most  instances,  of  as- 
suming ibeir  functions  with  respect  to  light,  ft  is  highly 
worthy  of  iK'tice  that,  in  consequence  of  the  original  posi- 
tion of  the  cotyledons  in  all  seeds,  the  oxygen  gas  must  al- 
ways be  imbibed  by  their  under  side,  that  very  same  part 
which  in  leaved  gives  out  this  kind  of  gas  during  the  day, 
and  probably  absorbs  it  during  the  night.  It  would  have 
evinced  a  strange  contrariety  in  the  constitutions  of  two  or- 
gans otheiwisi.  -^o  analogous,  I  mean  the  leaves  and  cotyle- 
<lons,  if  the  upper  surface  of  the  latter,  while  in  the  unex- 
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panded  seed,  had  been  presented  to  receive  the  oxygen  gas. 
Where  there  is  a  separate  albumen,  without  any  perceptible 
cotyledons,  it  is  probable  that  the  stalk  of  the  embryo  may 
answer  the  necessary  purpose;  just  as  the  stems  of  leafless 
plants  must  be  presumed  to  perform  the  usual  chemical 
functions  of  leaves,  though  we  cannot  ascertain  in  what  di- 
rection the  different  airs  are  imbibed  or  discharged,  there 
being  no  decided  upper  or  under  surface  in  such  stems,  any 
more  than  in  ensiform  leaves.  Such,  however,  are  rare  ex- 
ceptions, which  if  not,  as  yet,  found  to  throw  any  new 
light  en  the  subject,  certainly  do  not  overturn  any  important 
part  of  the  above  hypothesis.  That  some  part,  immediately 
connected  with  the  embryo,  must  be  stimulated  in  order  to 
excite  the  germination  of  a  seed,  this  phoenomenon  being 
dependent  on  the  vital  principle,  is  evident.  I  conceive 
that,  when  present,  the  cotyledon  or  cotyledons  are  them- 
selves stimulated  by  the  oxygen  gas,  or  rather  by  the  heat 
which  chemists  inform  us  is  produced  by  the  absorption  of 
that  gas,  so  as  to  set  their  flui^Js  in  motion,  and  thus  to 
propel  the  young  root  and  rising  plumula.  But  when  the 
cotyledons  are  wanting,  the  embryo  may  very  well  be  con- 
ceived capable  of  sufficient  action  to  imbibe  for  itself  the 
juices  of  a  distinct  albumen,  already  become  milky  and  sac- 
charine by  the  reception  of  oxygen  and  moisture,  by  which 
merely  chemical  process,  as  in  barley,  so  considerable  a  de- 
gree of  heat  is  evolved,  as  must  very  powerfully  excite  the 
vital  principle  of  the  budding  vegetable.  In  the  few  cases 
where  one  or  more  cotyledons  and  a  distinct  albumen  are 
tojrelher  present,  it  does  not  seem  necessary  that  the  gas 
should  act  through  the  former  upon  the  albumen^  the  two 
organs  being  but  little  connected,  and  its  operation  on  the 
latter  being  independent  of  all  vital  or  organic  laws  ;  but 
either  the  gas  itself,  or  the  heat  produced,  may  very  well 
so  stimulate  the  vital  principle  of  the  cotyledons,  as  to  pro- 
pel their  fluids  into  the  embryo  and  assist  germination.  Thi» 
opinion  is  the  more  probable,  as  those  fluids  must  be  sup- 
posed more  truly  of  the  nature  of  sap,  and  more  immediately 
fit  for  the  use  of  the  infant  plant,  than  the  liquor  of  the  al- 
bumen, Ho-wevcr  this  may  be,  the  existence  of  a  cotyledon 
P4  oy 
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or  cotvledons,  together  with  a  separate  albumen,  in  seeds, 
seems  to  nic  so  unusual,  as  not  to  oceasion  much  difficulty^ 
and  I  would  define  a  cotyledon  to  be  a  vital  organ,  capable, 
as  such,  of  being  atinuilaied  by  oxygen,  heat,  or  both,  for 
the  i^ropulsion  of  its  contents  ;  while  such  an  albumen  is 
merely  a  repository  of  nutritious  vegetable  matter,  subject 
to  the  laws  of  chemistrv  alone,  and  onlv  passively  resigning 
those  contents  to  the  absorbing  powers  of  the  embryo,  tci 
which  it  is  attached. 

I  must  now,  inider  the  impression  of  what  has  just  been 
advanced,  return  to  the  arrangement  of  plants  by  their  co- 
tyledons. 

Plants  in  general  are  dicotyledonous,  having  a  pair  of 
these  organs,  which  commonly  rise  out  of  the  ground  -,  but 
if  they  do  not,  it  appears,  from  the  consideration  of  the 
leguminous  tribe,  that  such  a  diflerence  could  scarcely 'Serve 
for  a  generic  distinction,  much  less  for  that  of  a  class  or 
order.  It  also  appears  that,  if  the  number  of  cotyledons 
exceeds  two,  as  in  piiius  and  a  few  other  instances,  the  dif- 
ference is  of  little  or  no  use  for  systematical  purposes,  and 
of  no  physiological  importance  whatever.  The  cotyledons 
of  pirws  all  present  their  backs  to  receive  the  oxygen. 

Some  plants  appear  to  be  really  furnished  with  one  sim- 
ple cotyledon,  as  zamia,  and  according  to  Gartner's  figures 
and  descriptions,  the  true  .yt77fl//////f<«,  as  am 07ri urn  (his  xm- 
^iher),  a/phi'ia,  &c.;  while  cw^wa  seems  to  have  no  cotyle- 
don, but  only  an  albumen.  Can  this  be  true  ?  and  if  so, 
whu  is  the  value  of  such  a  distinction  in  a  natural  classifi- 
cation ?  The  Uliaceof,  palvicc,  and  now  the  orc/i/(/e«>,  arfe 
acknowledged  to  be  acotyledonous,  having  only  an  albumen; 
while  the  grasses,  so  nearly  allied  to  them,  have  one  cotyle- 
don, for  I  presume  their  scale  must  be  admitted  as  such. 
Gaertncr's  phrase  of  emlryo  mo/iocoti/lcdoneus  applied  to 
thfse  last  mentioned  families  nia\' occasion  a  mistake,  which 
would  be  avoided  by  the  term  embryo  simpleXy  or  indivisus, 
expressin'j:  his  idea  oi'  the  simple  ligurc  appropriate  to  this 
part  in  such  plants,  but  which  does  not  prevent  it*  upper 
extremiiv  being  strictly  analog<nis  to  the  phoviila  of  the  di- 
cotyledo/ics.  It  seeuis  to  me  iliereiore  that  this  learned  writer 
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ii  mastakfti  in  saying  the  monocotyledonous  plants  never 
have  any  plinmda.  Tliey  have  not  indeed  that  teather-hke 
configiiralion  in  the  ascending  point  oF  their  embryo  which 
gave  rise  to  the  name,  but  the  organ  so  called  is,  and  mnst 
be,  present.  To  dispute  about  the  term  is  as  little  to  the 
purpose  as  to  contend  that  the  orchidece  have  no  pollen,  be- 
cause it  is  not  of  a  powdery  appearance. 

From  Mr.  Lindsay's  account  of  the  germination  of  fern» 
in  our  2d  volume,  this  family  must  be  deemed  monocotyle- 
ilonous.     Their  germination  seems  at  first  analogous  to  that 
of  mosses,  as  given  by  Hedwig  in  his  Tkeoria,  but  the  nu- 
merous  and   branched  cotyledons  of  the   latter  overset  all 
analogy,  and  indeed  all  classification  of  plants  by  the  num- 
ber of  the  parts  in  question.    Nothing  could  be  more  unna- 
tural than  to  separate  nmsses  for  this  reason  from  the  otheF 
cryptogamic  vegetables,  and  therefore  Jussieu  can  scarcely 
believe  these  parts  to  be  cotyledons ;  yet  it  is  not  possible  to 
call  them  any  thing  else,  and  to  suppose  them  a  peculiar,  and 
hitherto  unheard-of,  organ,  would  but  increase  the  diffi- 
culty. Gaertner  in  the  Introduction  to  his  great  work,  p.  157, 
tells  us  he  has  seen  many  cotyledons  in  several  fvci  also, 
and  that  he  suspects  others  of  the  more  imperfect   plants, 
hitherto  referred  to   the  monacotijledoves ,  may  be  similarly 
circumstanced.     It  seems   that  too  much,  by  far,  has  been 
taken  for  granted  in   this  department,  though  the  parts  un- 
der consideration  form  the  great  hinge  upon  which  all  natu- 
ral systems  turn.  It  is  only  by  analogy  that  the  great  family, 
or  natural  order,  of  I'lckenes   has  been  judged  monocotvlc- 
donous,  an  analogy  which  the  fuciy  if  Gsertner  be  correct, 
render  very  doubtful.     The  germination  of  the  fungi  is  at 
least  equally  uncertain. 

I  mean  not  however  by  any  means  to  invalidate  the  im- 
portance of  the  distinction  between  such  plants  as  have  two 
or  more  cotvledons,  and  such  as  have  only  one  or  none, 
however  inaccurate  the  terms  commonly  used  to  distinguish 
them  mav  be.  Much  less  am  I  inclined  to  throw  any  need- 
less impediments  in  the  way  of  those  who  labour  at  th© 
arduous  and  important  study  of  natural  classification,  or  to 
4elract  from  the  well-earned  fame- of  such  men  as  (;a2rtner 
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Jussleii,  on  account  of  difficulties  and  imperfections  un- 
avoidable in  so  abstruse  a  study.  No  real  friend  to  truth  and 
knowledge  ever  foments  invidious  rivalships  in  philosophy. 
The  field  of  science  is  now  so  vast,  tliat  its  difleient  cultiva- 
tors find  the  advantage  of  dividing  their  tasks,  and  thus  the 
students  of  physiology,  of  natural  systems,  and  of  artificial 
ones,  may  all  powerfully  assist  each  other.  Truth  is  pur- 
sued by  different  paths,  and  nothing  is  more  pleasing  than 
to  see  the  various  observers  of  Nature  in  a  Society  like  ours, 
mutually  and  harmoniously  contributing,  as  we  have  all 
along  done,  to  enrich  the  scientific  hive.  I  would  therefprc 
conclude  by  reconmiending  those  who  have  leisure  and  op- 
portunity for  the  purpose,  to  observe  for  themselves  the  ger- 
mination of  the  principal  families  of  plants,  not  only  of  such 
genera  as  are  in  dispute,  but  of  all  about  which  there  can  be 
any  doubt,  most  of  which  will  easily  be  indicated  by  a  com- 
parison of  Gsertner's  work  with  the  remarks  in  the  fore- 
going pages. 


XXXV.  A  Letter  on  the  Differences  in  the  Structure  of 
Calculi,  which  arise  from  their  being  formed  in  different 
Parts  of  the  urinary  Passages;  and  on  I  he  Effects  that 
are  produced  upon  them,  by  the  internal  Use  of'  so/vent 
Medicine^y  from  Mr.  William  Brande  to  Everard 
Home,  Esq.,  F.R.S. 

[Concluded  from  p.  177.] 

Section  VI. 
General  Inferences. 

J.T  appears  from  the  preceding  observations,  that  calculi 
formed  in  the  kidneys,  and  immediately  voided,  are  almost 
always  composed  of  uric  acid  ;  and  that  the  phosphates  arc 
very  frcriuenl  ingredients  in  calculi  of  the  bladder,  more 
especially  in  those  which,  from  their  situation,  have  been 
exposed  to  a  continual  current  of  urine  :  they  also  uniformly 
are  deposited  upon  extraneous  substances  introduced  into  the 
gladder,  but  appear  never  to  form  small  kidney  calculi. 
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In  what  is  commonly  called  a  fit  of  the  gravel,  a  small 
uric  calculus  is  formed  in  the  kidney,  and  passes  along  the 
ureter  into  the  bladder. 

It  is  found  from  observation,  that  for  some  time  after  a 
stone  has  passed  From  the  kiduey,  the  urine  is  generally  un- 
usually loaded  with  uric  acid,  and  deposits  that  substance 
upon  the  nucleus  now  in  the  bladder.  When  this  period, 
which  is  longer  or  shorter  in  didcrent  individuals,  has 
elapsed,  the  subsequent  addition  to  the  calculus  consists 
principally  of  the  phosphates. 

Where  the  disposition  therefore  to  form  uric  acid  in  the 
kidneys  is  very  great  and  permanent,  the  calculus  found  in 
the  bladder  is  principally  composed  of  uric  acid ;  but  where 
this  disposition  is  weak  and  of  short  duration,  the  nucleus 
only  is  uric  acid,  and  the  bulk  of  the  stone  is  composed  of 
the^hosphates. 

Where  the  increased  secretion  of  uric  acid  returns  at  in- 
tervals, the  calculus  is  composed  of  alternate  layers  of  uric 
acid  and  the  phosphates. 

Other  small  calculi  being  formed  in  the  kidney,  make  the  ir 
way  into  the  bladder,  and  afford  fresh  nuclei  ;  so  that  se- 
veral calculi  are  sometimes  found  in  the  same  bladder,  and 
their  composition  is  usually  nearly  the  same. 

In  other  cases  it  happens,  that  a  constant  increased  secre- 
tion of  uric  acid  is  going  on  from  the  kidneys,  only  in  small 
quantity,  which  will  be  more  uniformly  mixed,  with  the 
phosphates  deposited  in  the  bladder,  and  where  the  uric  acid 
predominates,  the  species  of  calculus  denominated  impro- 
perly, tirate  of  ammonia,  will  be  produced. 

We  are  entirely  ignorant  of  the  cause  of  the  formation  of 
the  oxalate  of  lime,  or  mulberry  calculus.  I  have  frequently 
looked  for  oxalate  of  lime  in  the  urine  of  calculous  patients, 
but  have  never  been  able  to  detect  it  ;  and  as  it  does  not 
exist  in  t'calthy  urine,  it  must  be  regarded  as  a  morbid  se- 
cretion. Its  mode  of  formation  seems  to  resemble  that  of 
uric  acid,  since  small  kidney  calculi,  composed  of  oxalate 
of  lime,  have  in  a  few  instances  been  voided  ;  and  in  these 
cases^  as  far  as  my  own  inquiries  go,  the  persons  have  been 

much 
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much  less  liable  to  a  return  of  the  complaint,  than   where 
uric  calculi  have  been  voided. 

In  some  rare  instances  we  meet  wilh  calculi  of  the  bladder 
which  are  destitute  of  uric  acid  and  of  oxalate  of  lime,  the 
nucleus  being  composed  of  a  little  looselv  agglutinated  am- 
nioniaco-magnesian  phosphate,  and  the  whole  calculus  con- 
fisting  of  that  substance,  with  variable  portions  of  phosphate 
of  lime:  in  two  cases  I  have  met  with  calculi  of  this  kind, 
composed  of  the  triple  phosphate  only  :  ihey  seem  to  be  en- 
tirely formed  in  the  bladder. 

Having  taken  this  short  view  of  the  formation  of  calculi, 
I  shall  now  inquire  into  the  action   of  solvents,  employed 
either  with  a  view  of  effecting  their  solution,  or  of  prevent* 
ing  their  formation  and  increase. 
Solvents  are  of  two  kinds. 
1.  Alkaline,     2.  Acid. 

In  the  exhibition  of  these,  the  practitioner  is  usually 
guided  by  the  chemical  composition  of  the  calculous  matter 
▼oided  by  urine. 

The  different  kinds  of  gravel  voided  by  persons  labouring 
under  calculous  complaints,  may  be  classed  in  two  divisions, 
1.   Uric  acid,  either  in  a  pure  state,  or  with  a  very  small 
proportion  of  the  phosi^hates. 

2;  Tlic  phosphates,  either  pure,  or  with  a  small  propor- 
tion of  uric  acid. 

The  first  species,  which  generally  appears  in  the  form  of 
ininute  crystalline  grains,  of  a  reddish  brown  colour,  or  of  an 
impalpaljlc  brown  powder,  is  cither  entirely  soluble  in  pure 
alkaline  solutions,  not  emitting  an  ammoniacal  odour,  iii 
tihich  case  it  consists  of  pure  luic  acid:  or  it  does  emit  an 
ammoniacal  odour,  and  is  not  entirely  soluble,  in  which  cas^ 
it  contains  the  triple  phosphate  of  ammonia  and  magnesia. 

When  this  substance  is  observed  in  the  urine,  the  alkalis 
ate  recommended.  They  are  exhibited  either  in  a  pure  state, 
or  as  carbonates,  and  in  each  instance  the  uric  sediment  ge- 
nerally diminishes  rapidly,  and  during  the  continued  use  of 
alkaline  medicines,  occasionally  disappears  altogether. 

it  however  frequently  happens  that  lh«  njatler   voided  is 
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rrot  diminished  in  quantity  by  the  nse  of  alkalis,  !)utihal  it* 
fonn  and  composition  are  altered,  and  that  it  assumes  the  ap- 
pearance of  a  gray  powder,  and  is  composed  of  uric  acid  with 
variable  portions  of  the  ammoniaco-magnesian  phosphate. 

From  these  facts  therefore,  it  cannot  be  doubled  that  the 
internal  exhibition  of  alkalis  often  prevents  the  furnjationof 
uric  acid,  and  hence  must  likewise  prevent  the  increase  of  a 
calculus  in  the  bladder,  as  far  at  least  as  uric  acid  is  concerned; 
but  it  has  also  been  supposed  that  the  alkalis  are  capable  of 
acting  upon  the  stone  itself,  and  even  of  effecting  its  com- 
plete solution.  It  is  true  that  if  we  immerse  a  calculus,  com- 
posed of  uric  acid,  in  a  dilute  solution  of  caustic  alkali,  thai 
it  will  be  slowly  acted  upon,  and  after  sonic  time  entirely 
dissolved.  If  however  we  attend  to  what  would  take  place  in 
the  bodv,  we  shall  find  the  circumstances  very  different. 

That  alkaline  carbonates  and  sub-carbonates  exert  no  ac- 
tion upon  uric  acid  I  consider  to  be  completely  established, 
both  by  the  experiments  of  several  eminent  chemists,  and 
those  J  have  myself  made  upon  the  subject;  and  as  there  i« 
at  all  times  a  quantity  of  uncombined  acid  in  the  urine,  it 
follows  that  although  the  alkali  may  arrive  at  the  kidneys  ia 
its  pure  state,  it  will  there  unite  with  the  uncombined  acid, 
and  be  rendered  incapable  of  exerting  any  action  upon  the 
calculus  in  the  bladder.  Besides  phosphoric  acid,  the  urine 
always  contains  a  quantity  of  uncombined  carlx)nic  acid  : 
this  is  proved  by  placing  a  quantity  of  recently  voided  urine 
under  the  receiver  of  an  air-pump  ;  during  tlie  exhaustion,  a 
large  quantity  of  carbonic  acid  gas  makes  its  escape ;  and 
Tvhen  urine  is  distilled  at  very  low  temperatures,  carbonic 
ficid  gas  is  given  off :  and  also,  when  lime  water  is  poured 
into  urine,  a  precipitate  appears,  consisting  of  phosphate 
arid  carbonate  of  lime. 

Lime-water,  on  account  of  the  insoluble  compounds  which 
lime  forms  with  carbonic  and  phosphoric  acids,  is  even 
more  objectionable  as  a  solvent  than  the  alkalis. 

It  may  however  be  said,  that  if  these  means  prevent  the 
increase  of  a  calculus,  material  relief  is  afforded  to  the  patient. 
How  far  the  exhibition  of  alkaline  remedies  can  be  recom- 
jpended  upon  these  grounds,  will  appear,  when  the  circum- 
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stances  which  attend  the  formation  of  the  second  species  of 
calculus  sediment  or  deposition  in  the  urine,  are  considered. 

7'he  ammoniaco-magnesian  phosphate  appears  under  two 
forms:  it  is  either  voided  in  a  sohd  state,  or  in  solution.  lu 
the  former  case  it  bears  a  good  deal  of  rc.^emblancc  to  a  white 
sand,  and  is  frequently  mixed  with  variable  porportions  of 
phosj)hate  of  lime.  In  the  latter  it  makes  its  appearance  after 
the  urine  has  remained  undisturbed  for  some  hours  in  an 
open  vessel,  generally  in  the  form  of  a  fine  pellicle,  or  of 
crystalline  lamince,  which  when  collected  and  dried  bear 
some  resemblance  to  boracic  acid. 

Its  putting  on  this  form  is  accounted  for,  from  its  being 
held  in  solution  iu  the  first  instance  by  carbonic  acid,  and  as 
this  flies  off,  the  triple  salt  makes  its  ajipearance.  If  a  por- 
tion of  the  urine  be  preserved  in  a  phial  closely  stopped,  the 
carbonic  acid  cannot  escape,  and  consequently  no  phosphate 
is  observed  to  separate.  There  is  also  a  quantity  of  phosphoric 
acid  ])resent,  which  keeps  another  portion  of  the  ammoniaco- 
magnesian  phosphate,  and  also  some  lime  (in  the  state  of 
super-phosphate  of  lime)  in  solution. 

It  is  therefore  obvious,  that  whenever  the  urine  is  deprived 
of  a  portion  of  the  acid  which  is  natural  to  it,  the  deposition 
of  the  triple  phosphate,  and  phosphate  of  lime,  more  readily 
takes  place  :  this  is  effected  by  the  exhibition  of  the  alkalis. 
It  may  therefore  be  asserted,  that  although  alkaline  medi- 
cines often  tend  to  diminish  the  quantity  of  uric  acid,  and 
thus  to  prevent  the  addition  of  that  substance  in  its  pure 
state,  to  a  calculus  in  the  bladder  j  they  favour  the  deposi- 
tion of  the  phosphates. 

It  cannot  be  doubted  that  the  alkalis  reach  the  bladder,  since 
in  cases  where  lartie  doses  of  sub- carbonate  of  potash  have 
been  exhibited,  I  have  seen  evident  traces  of  it  in  the  urine. 
Where  the  phosi)hates  only  are  voided,  it  has  been  pro- 
posed to  dissolve  the  calculus  by  the  exhibition  of  acids,  and 
more  especially  the  muriatic  acid. 

Durins;  the  use  of  the  muriatic  acid,  the  phosphates  arc 
cither  diminished  or  disappear  altogether ;  and  even  some- 
times the  urine  acquires  an  additional  acidity  :  a  solution  of 
that  part  of  the  calculus  which  consists  of  the  phosphates 
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mighif  therefore  be  expeclecl ;  but  even  then  the  nucleus  of 
uric  acid  would  remain,  and  thus  a  great  deal  of  time  would 
be  lost  withoui  any  permanent  advantage. 

1  have  also  occasionally  remarked,  that  during  the  use  of 
acids,  the  uric  acid  reappears,  and  even  seems  to  be  aug- 
n)ented  in  quantity. 

Attempts  have  been  made  at  different  times  to  cfFcct  tlie 
solution  of  calculi,  by  the  injection  of  solvents  into  the  blad- 
der. This  subject  has  been  more  lately  revived  by  Fourcroy 
and  \'auquelin,  who,  in  their  paper  on  the  composilion  of 
calculi,  lay  down  rules  for  its  practice,  Independent,  how- 
ever of  tlie  impossibility  of  ascertaining  the  composition  of 
the  calculus  with  sufficient  accuracy,  it  is  obvious  that,  were 
tlie  composition  of  the  surface  of  the  calculus  known,  the 
frequent  introduction  of  an  instrument  into  the  bladder,  and 
the  long  continuance  qf  the  process  which  would  be  neces- 
sarv,  even  where  the  calculi  are  small,  are  insurmountable 
objections  ;  and  whenever  this  mode  of  treatment  has  been 
adopted,  it  has  speedily  been  relinquished,  as  it  always  ag- 
gravates the  sufferings  of  the  patient. 

It  has  been  shown  that  in  the  majority  of  cases,  the  nuclei 
of  calculi  originate  in  the  kidneys,  and  that  of  these  nuclei 
by  far  the  greater  number  consist  of  uric  acid  ;  the  good 
efiects  thertfore  so  frequently  observed  during  the  use  of  an 
alkali,  arise,  not  from  any  actual  solution  of  calculous  mat- 
ter, but  from  the  power  which  it  possesses  of  diminishing 
the  secretion  of  uric  acid,  and  thus  preventing  tlie  enlarge- 
ment of  the  calculus,  so  that,  while  of  a  very  small  form, 
it  may  be  voided  by  the  urethra. 


XXXVI.    Some  Olservations  on  Mr.  Brande's   Paper  on 
Calcidi.     By  Everard  Home,  Esq.,  F.R.S.* 

X  HAT  calculi  in  the  human  bladder  are  not  dissolved  by  the 
internal  use  of  alkaline  medicin  s,  is  an  opinion  which  I 
have  Jong  entertained,  but  the  grounds  of  failure  so  clearly 
pointed  out  by  Mr.  W.  Brande,  were  not  known  to  me  ;  I 

*  From  Philosaphical  Transactions  for  1808.    Paft  II. 
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only  know  from  experience,  that,  to  whatever  extent  tht 
medicines  are  given,  no  such  efltct  takes  place.  The  cir- 
cumstance of  the  exterior  lamina?  of  calculi  extracted  from 
patients,  who  had  persevered  in  a  course  of  alkaline  prepa- 
rations, having  been  found  softer  than  the  parts  towards  the 
centre,  has  alwa\  s  been  considered  as  a  proof  of  the  action 
of  the  medicines  upon  the  calculus,  and  led  to  the  belief,  that 
^here  the  stone  was  small,  it  might  be  wholly  dissolved. 
This,  however,  Mr.  W.  Brande  has  now  proved  to  be  a  de- 
ception, and  that  the  soft  part  is  not  a  portion  of  the  origi- 
nal calculus,  but  a  newly  formed  substance,  in  which  the 
uric  acid  is  not  deposited  in  crystals,  but  mechanically  mixed 
-with  the  phosphates,  and  the  animal  auicus  in  the  urine. 

Having  met  with  cases,  which  confirm  Mr.  VV.  Brande's 
observations,  it  vv';il  be  satisfactory  to  slate  them,  as  ihey  may 
assist  in  doing  away  many  erroneous  notions  rrenerally  en- 
tertained on  this  subject. 

The  opinion,  that  calculi  in  the  human  bladder  have  been 
entirely  dissolved,  has  received  its  principal  support  from 
instances  having  occurred,  and  those  by  no  means  few  in 
liumber,  where  the  symptoms  went  entirely  away  while  the 
patients  were  using  alkaline  medicines,  and  never  afterwards 
returned.  This  evidence  appears  to  be  very  strong,  but  it 
will  be  found  from  the  following  cases  that  it  is  not  so  in 
reality.  Since  the  fallacy  has  been  detected  in  all  the  in- 
stances in  v/hich  an  opportunity  was  afl'orded  of  examining 
the  bladder  after  death.  Two  of  these  1  shall  particularly  no- 
tice, because  they  were  published  during  the  patient's  life- 
time in  proof  of  the  stone  having  been  dissolved. 

Both  patients  were  great  suflerers  IVom  the  syniploms  oF 
stone  for  many  years ;  but  when  they  arrived  at  the  ane  of 
sixty-eight,  or  thereabout,  the  symptoms  entirely  left  ihcm. 
'The  one  had  been  taking  the  saline  draught  in  a  state  of 
effervescence,  under  the  direction  of  the  late  Dr.  Hulme : 
the  cure  was  attributed  to  this  medicine,  and  the  case  was 
published  in  proof  of  its  efficacy.  When  the  patient  died  I 
txamincd  the  bladder,  and  found  twenty  calculi ;  the  hirgest 
of  the  size  of  a  hazel-nut,  the  others  smaller.  It  appeared 
that  the  going  off  of  the  symptoms  had  arisen  from  the  pos- 
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terior  lobc.of  tlie  prostate  gland  havlni;  bc'coine  enlarged  (a 
change  which  it  frequently  undergoes  a^out  that  period  oi 
life),  and  having  formed  a  barrier  belweeri  ihe  calculi  and 
the  oriilce  of  the  bladder,  so  that  they  no  longer  irritated 
that  part  either  in  the  act  of  making  water,  or  in  the  diffe- 
rent movements  of  the  body,  but  lay  ni  the  lower  posterior 
part  of  the  bladder  without  producing  any  disturbance.  Their 
number  prevented  the  pressure  from  being  great  upon  any 
one  part  of  the  intestine  immediately  behind  the  bladder,  and 
their  motion  on  one  another  rendered  their  external  surface 
smooth,  and  probably  prevented  their  rapid  increase.  The 
other  patient  was  under  a  course  of  Perry's  lixivium  ;  and 
when  the  symptoms  went  away,  he  published  the  case  in 
proof  of  the  efficacy  of  that  medicine  in  dissolving  the  stone. 
I  examined  the  bladder  after  death,  and  found  fourteen  cal- 
culi ;  the  largest  of  the  size  of  a  nutmeg,  the  others  smaller. 
There  was  the  same  enlargement  of  the  posterior  lobe  of  the 
prostate  gland,  and  the  calculi  v/ere  exactly  under  the  same 
circumstances  as  in  the  former  case. 

in  several  cases,  in  which  I  have  examinetl  the  body  after 
death,  calculi  have  been  found  inclosed  in  cysts,  formed  be- 
tween the  fasciculi  of  the  muscular  coat  of  the  bladder,  so  as 
to  be  entirely  excluded  from  the  general  cavity,  and  there- 
fore had  not  produced  any  of  ihe  common  symptonjs  of  stone. 
I  have  seen  in  the  same  bladder,  two,  three,  and  even  four 
such  cysis,  each  containing  a  calculus  of  the  size  of  a  walnut. 
It  is  a  circumstance  deserving  notice,  that  in  the  case 
which  gave  celebrity  to  Mrs.  Stevens's  medicine,  and  pro- 
cured her  a  remuneration  from  parliament^  the  bladder  wa.> 
not  examined  after  death. 

That  calculi  in  the  bladder  do  somelnr.cs  increase,  while 
the  patient  is  using  alkaline  medicines,  is  fully  proved  by  the 
followinil  examples,  which  also  show  that  the  uric  vicid  and 
phosphates  are  formed  in  different  proportions,  according  to 
the  peculiarities  of  the  consiituiion. 

A  gentleman  who  suffered  from  symptoms  of  stone  wa? 
sounded  and  a  stone  was  found  in  his  bladder.     I  put  him 
on  a  course  of  alkaline  medicines,  and  be  voided  a  small  com- 
pact calculus,  composed  of  uric  acidj   and  evidently  formed 
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in  the  kidney.  He  was  desired  to  persist  in  the  use  of  the 
medicines,  which  he  did  at  intervals  for  four  or  five  years, 
suffering  occasionally  in  a  slight  degree,  but  he  did  not  puss 
any  more  calculi.  He  died  at  the  age  of  seventy-five.  On 
examining  the  bladder,  its  whole  cavity  (the  capacity  of 
which  was  equal  to  a  pint  measure)  was  comi)letely  filled 
with  soft,  light,  spongy  calculi,  three  hundred  and  fifty  in 
number,  and  of  different  sizes,  from  that  of  a  walnut  to  a 
small  pea.  They  ^vere  composed  of  a  mixture  of  uric  acid 
in  powder,  the  phosphates,  and  animal  mucus  ;  and  differed 
so  much  from  the  calculus  voided  soon  after  the  patient  be- 
gan the  u:>e  of  alkalis,  that  they  appear  to  have  been  formed 
after  that  period  in  the  manner  mentioned  by  Mr.  W.  Brande. 

A  gentleman,  who  was  found  to  have  a  stone  in  his  blad- 
der, was  persuaded  that  it  was  so  small  that  it  might  be  dis- 
solved, and  with  this  view  he  took  the  fossil  alkali,  both  in 
its  caustic  and  mild  state,  for  about  three  months  ;  but  at  the 
end  of  that  period  the  symptoms  were  increased,  and  he 
submitted  to  have  it  extracted  by  an  operation.  On  ex- 
amining the  calculus  after  it  was  extracted,  the  external  part, 
for  the  thickness  of  ^^'^ th  of  an  inch,  was  entirely  composed 
of  triple  phosphate,  in  a  state  of  perfect  spiculated  crystals, 
so  as  to  present  a  very  rough  irritating  surface  to  the  internal 
rnembrane  of  the  bladder,  while  the  inner  parts  of  the  cal- 
culus were  made  up  of  a  mixture  of  uric  acid  and  phosphates, 
so  that  the  alkali  had  prevented  the  formation  of  uric  acid, 
hut  the  phosphates  were  deposited  more  rapidly  than  before. 

A  gentleman,  in  whose  urine  the  uric  acid  appears  in  a 
solid  form,  inunediately  after  it  is  voided,  has  the  same  ap- 
pearance in  the  urine,  even  when  nine  drachms  of  soda  dis- 
solved in  water,  impregnated  with  carbonic  acid,  are  taken 
in  twenty-four  hours ;  so  that  in  this  instance  the  alkali 
does  not  even  counteract  the  formation  of  uric  acid. 

XXXVII.  On  the  Changes  produced  in  Atmospheric  Air  and 
O.Tt/creii  das  by  Respiration.  By  W.  Allex,  Esq.y 
F.JLS.,  and  \V.  Jl.  Pki-vs,   E^q.,'  F.R.S* 

X  HE  process  of  respiration,  or  breathing,  is  '^o  intimnttly 

coiinecled  with  our  existence  in  life,  that  from  its  first  mo- 

*  From  rhilotjophical  Truiisaclious  for  180S.   Parr  IJ. 
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menls,  to  the  final  close,  sleeping  ^iid  waking,  this  neccs- 
f^ary  action  is  constantly  maintained  :  nor  can  it  be  suspend- 
ed even  tor  a  tew  minutes  without  considerable  pain  and  the 
inmost  danger.  This  important  process  has  of  course  ex- 
cited the  curiosity  both  of  ancient  and  modern  philosophers; 
among  the  latter  we  find  the  distinguished  names  of  Mayow, 
i'riestleyj  Goodwin,  Menzies,  Spallanzani,  Scheele,  Lavoisier 
and  Davy,  whose  successive  labours  have  thrown  great  light 
upon  this  difficult  subject,  and  prepared  the  way  for  further 
investigation;  but  it  is  impossible  to  lake  a  review  of  what 
has  already  been  done,  without  perceiving  that  some  im- 
portant points  were  by  no  means  satisfactorily  settled  ;  an 
accurate  method  of  sepaj'atljig  the  different  gases,  and  as- 
certaining their  exact  proportion  in  any  given  mixture,  wa^ 
still  a  desideratum  when  many  of  the  experiments  were 
made,  and  it  is  only  of  late  years  that  eudiometry  has  at- 
tained its  present  perfection  :  the  quantity  of  residual  gas  in 
the  lungs  after  a  forced  expiration  was  a  matter  in  dispute 
among  former  experimenters,  some  making  it  one  hun- 
dred and  nine  cubic  inches,  and  others  only  forty ;  and 
yet  it  is  of  the  titmost  consequence  in  all  calculations  upon 
the  effects  produced,  especially  upon  small  portions  of  gas, 
that  the  state  of  the  lungs  should  be  accurately  determi- 
ned ;  this  constitutes  the  great  difficulty  in  the  investiga- 
tions. We  therefore  commenced  our  labours  by  construct- 
ing an  apparatus,  in  which  we  are  able  to  respire  from  three 
to  four  thousand  cubic  inches  of  gas,  conceiving,  that  in  this 
quantity,  the  error  arising  from  the  residual  gas  in  the  lungs 
n)ust  be  so  much  obviated  as  to  permit  the  most  satisfactory 
results. 

The  apparatus  consists  of  three  gasometers,  two  of  which 
are  filled  with  mercurv,  and  one  with  distilled  water. 

The  water  gasometer  which  belongs  to  the  Royal  Institu- 
tion, is  capable  of  holding  four  thousand  two  hundred  cubic 
inches  of  gas,  and  each  of  the  mercurial  ones  three  hundred 
cubic  inches ;  the  apparatus  was  so  arranged  ihat  the  inspi- 
raticjns  were  all  made  from  the  water  gasometer,  and  the  ex- 
pirations into  the  mercurial  gasometers  aliernately.  Each  of 
the  gasometers  is  furnished  with  a  graduated  scalc;  and  they 
C)  2  are 


244  On  the  Changes  produced  in  ylimospheric  Air 
are  all  made  to  range  with  each  other,  so  that  the  quantity  of 
gas  inspired  and  expired  could  be  immediately  and  exactly 
ascertained  :  to  each  of  the  mercurial  gasometers  a  glass  tube 
is  fixed,  and  made  to  enter  a  mercurial  bath,  from  which 
portions  of  the  expired  air  could  at  any  time  be  taken  for  exa- 
mination. 

By  the  kindness  of  our  friend  Silvanus  Revan,  we  are  ena- 
bled to  give  an  accurate  drawing  of  the  apparatus. 

Description. 
Fig.  1.  The  cciumunicatiou  with  the  water  gasometer. 

2.  A  cock  so  constructed  that  it  mightbemade  to  com- 
municate with  either  of  the  mercurial  gasometeis, 
while  at  the  same  time  all  connexion  with  the  olhei 
was  cut  off. 
A.  The  mouth  piece. 
Fig.  3.  to  10.  Brass  cocks. 

G.  1.  and  G.  2.  Mercurial  gaffoineters. 
S.S.  Scales  graduated  to  cubic  inches. 
M.  Mercurial  bath. 
The  large  reservoir  or  water  gasometer  is   not  shown  in 
this  drawing,  it  having  been  so  frequently  described  in  che- 
mical works. 

Manner  of  conduciing  the  Experiment. 

Our  first  care  was,  to  be  certain  that  all  the  parts  of  our 
apparatus  were  perfectly  air-tight,  and  this,  from  the  nature 
of  it,  was  very  easily  ascertained  ;  wc  agreed  that  the  breath- 
ing should  always  be  performed  by  one  of  us,  and  the  regis- 
tering, ZcQ.  by  the  other,  as  each  would  by  that  means  ac- 
quire a  greater  degree  of  dexterity  in  performing  his  part, 
and  the  results  would  be  more  uniform. 

The  water  gasometer  being  filled  with  common  air  to  a 
certain  mark  upon  the  scale,  and  the  mercurial  ones  com- 
pletely empty,  the  person  to  breathe,  whom  we  shall  uni- 
formly call  the  operator,  was  seated  upon  a  stool,  witli  his 
mouth  even  with  the  tube  A.,  his  nose  being  secured  with  a 
steel  clip.  He  made  as  conijilete  an  expiration  as  possible 
into  the  open  air,  then  applying  his  lips  to  the  tube,  and 
keeping  his  left  hand  constantly  on  the  cock,  fig.  1,  and  his 
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Vlght  hand  on  the  cock,  fig.  2,  he  opened  the  communication 
whh  the  water  gasometer,  and  made  an  inspiration  ;  then 
immediately  closing  It,  he  opened  with  his  right  hand  /the 
cock  at  2  j  and  that  at  4  being  also  opened,  he  expired  into 
the  mercurial  gasometer  G.  1.;  then  closing  ?,  which  cut 
off  all  communication  with  the  mercurial  gasometer,  lie 
opened  1,  in  order  to  make  a  fresh  inspiration ;  then  closing 
it,  he  again  opened  2,  and  expired  into  the  mercurial  gaso- 
meter ;  and  proceeding  in  this  way,  always  taking  care  to  shut 
one  cock  before  the  other  was  opened,  the  air  was  made  to  • 
pass  from  (he  water  gasometer,  through  the  lungs  of  the 
operator  into  the  mercurial  gasometer,  and  this  with  great 
ease,  as  the  dian)etersof  the  tubes  were  purposely  made  large. 
The  scale  of  the  mercurial  gasometer  was  carefully  noticed, 
and  when  nearly  fuU,  the  cock  4  underneath  was  shut  nff: 
then,  by  a  signal  from  the  operator,  his  colleague  opened  3, 
and  the  expirations  were  received  in  G.  2.  \\  bile  this  was 
filling,  the  number  of  cubic  inches  in  G.  1  was  registered,  a 
portion  saved  in  the  mercurial  bath,  and  the  rest  quickly  ex- 
pelled. Tliis  operation  was  repeated  until  the  contents  ot 
about  twelve  or  thirteen  mercurial  gasometers  were  taken 
oft':  the  operator  always  concluding  with  a  strong  effort  to 
empty  his  lungs  as  completely  as  possible.  The  quantity 
inspired  from  the  water  gasometer  was  then  compared  with 
the  quantities  expired  into  the  mercurial  gasometers,  and  the 
difference  noted.  The  following  are  the  results  of  the  first 
ten  experiments. 


No. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

time 
11 
lOi- 
lOi 

11 
11 

lOi 
lOi 
10^ 

11 

Time. 

)  not  noted 
minutes 

Cubic  inches 

of  common  air 

inspired. 

3760 
3900  . 
3624 
3570 

3655 
33SO 
3  ISO 
3360 

3290 
35  SO 

Cubic  inches 

of  gar 
expired. 
3741 
3S69 
3620 
3550 
3653 
3355 
3141 
329S 
3267 
3543 

Deficiency 

19 
31 

4 
20 
32 
25 
39 
62 
23 
37 

In  this  last  experiment  we  ascertained  that  the  expired  gas 
contained  8  per  cent,  of  carbonic  aciii. 
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The  breathing  in  these  cases  was  as    nearly  natural  as  wc 
conctivc  it  possible  to  be  in  any  apparatus ;  the  operator  was 
scarcely  fatigued,    and  his  pulse  not  raised  more  than  about 
one  beat  in  a  minute ;  the  respirations  however  were  deeper 
and  fewer  than  natural,  amouoting  only  to  about  58  in  ekvca 
minutes,  whereas  from  repeated  observations  at  different  and 
distant   times  he  makes  19  in  a  minute.     The   smallness  of 
the   deficiency  surprised  us  very  much,  as,  frcmi  the  reports 
of  other  experimenters  we   had   been    prepared  to  expect  a  . 
much  greater  loss.     It  might  be  objected    that  the   air  was 
rarefied  by  passing  through  the  lungs ;  but    this  was  almost 
immediately  counteracted  by  the  mass  of  quicksilver  in  the 
gasometers,  which  amounted  at  least  to  one  hundred  and 
fifty  pounds;  and  we  have  repeatedly  noticed,  that  air  under 
vhese  circumstances  "has   suffered  no  perceptible  diminution 
by  standing  for  a  consider.ible  time;  in  oi\e  case,  in  which 
air  from  the  lungs  was  driven  into  the  mercurial  gasometers 
for  twenty-seven    minutes,  the  temperature  of  the   quick- 
silver at  the  end  of  the  experiment  was  not  raised  half  a  de- 
gree of  Fahrenheit's  thermometer.     Tlic  deficiency,  in  our 
opinion,  principally  arises  from  the  difficulty  in  bringing  the 
lungs  precisely  to  the  same  st.iie  after,  as   before  the   expe- 
vimcnt ;    and  it  must  be  recollected  that  the  operator  com- 
menced by  a  f(jrcible  expiration  into  the  open  air,  but  finish- 
ed by  a  forcible   expiration   into  the    mercurial   gasometer. 
Now,  although  this  gasometer  was  counterpoised  by  weights 
in  the  scale  attached  to  it,    yet  we  can   easily  conceive  that 
more  resistance  might  be  afforded  to  the  complete  evacuation 
m  the   latter  case  than  in  the  former,   and   consequently  the 
lungs  might  contain  a  few  inches  more  after  the  experiment 
than  before  it,  which    might  in    some  measure  account  for 
the  deficiency. 

In  the  eleventh  experiment,  portions  of  gas  were  taken  ofi' 
iVom  each  of  the  mercurial  gasometers  as  they  ucre  filled, 
and  these  portions  being  ai'terwards  tnixed  were  careluUy 
txammcd.  Eleveidli  E.rijcr/mriiL 
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To  prevent  repetition,  we  shall  here  state  that  all  the  trials 
\vere  uiatlc  in  the  same  manner,  and  with  the  same  appara^- 
tus,  namely,  the  eudiometer,  described  in  the  Society's 
Transactions  for  1807,  in  which  one  cubic  inch  is  divided 
into  one  hundred  parts ;  and  that  in  almost  every  instance 
we  made  two,  and  sometimes  three  experiments  on  the  same 
gas,  and  derived  fresh  confidence  from  the  remarkable  co- 
incidence and  uniformity  of  the  results.  No  precaution  was 
at  any  time  omitted  which  appeared  to  us  necessary  to  insure 
accuracy. 

One  hundred  parts  of  the  expired  gas  being  agitated  with 
lime-water  in  the  eudiometer,  the  lime-water  became  turbid_, 
and  8-5  parts  of  the  gas  were  absorbed,  which  were  conse- 
quently carbonic  acid;  the  remaining  91*5  parts  were  treated 
with  the  green  sulphate  of  iron,  saturated  with  nitrous  gasj 
as  recommended  by  professor  Davy,  and  afterwards  with  the 
simple  solution  of  the  green  sulphate,  when  12-5  parts  were 
absorbed,  which  were  consequently  oxygen,  and  the  remain- 
ing 79  azote. 

100  parts  of  the  expired  gas  therefore  consisted  of 
8"3  carbonic  acid. 
12' 5  oxygen. 
79*     azore. 

100 
The  air  contained  in  the  water  gasometer,  previous  to  the 
experiment,  being  examined  by  the  same  tests,  consisted^  in 
100  parts,  of 

21   oxygen. 

79  azote. 

100 
In  trying  common  atmospheric  air  with  lime-water,  wc 
could  never  find  any  quantity  of  carbonic  acid  perceptible  in 
the  eudiometer  of  100  parts. 

Calculation  for  Carlon'ic  Add. 

100    :    8-5    :  :    3437    :    292-145. 

So  that  292' 14  cubic  inches  of  carbonic  acid  gas  were  given 

off  in  eleven  minutes,  or  26*53  cubic  inches  per  minute,  which 

is  almost  exactlv  the  estimate  of  professor  Davy. 

.•  '  Q4  Ih 


2-19        On  the  Changes  produced  in  Almospheric  Air 

In  this  experiment  the  operator  inspired  3460  cubic  inches 
in  eleven "miautes,  and  felt  himself  in  a  natural  state  when 
he  left  ofl\  Then,  as  he  makes  usually  under  common  cir- 
cumstances nineteen  respirations  in  a  minute, 

11   X   10  =  209     -li^  =  16-5 

it  follows,  that  he  takes  ui  KJ^  cubic  inches  at  ever}'  easy  in- 
spiration. 

As  all  the  experiments  had  been  hitherto  made  upon  the 
lungs  of  one  person,  we  concluded  that  the  next  should  be 
performed  upon  our  assistant. 

TweJftli  Experiment. 

,,„  Cubic  inches    ,^  ,  •    •      i 

Barom.     ^'.'Y'^-        Time.       of  co,n,non  air  ^"\"<=.'"^''^^       Difi-.rencc. 
^••''"■-  inspirecl.  ^'M'-rca. 

ao-3       50°      5A^min.        3300  3311         1 1  increase. 

Here,  as  usual,  the  lungs  were  exhausted  both  before,  and  at 
the  close  of  the  experiment. 

The  excess  of  eleven  cubic  inches,  in  this  case,  no  doubt 
arose  from  the  person  nf)t  having  been  in  the  habit  of  ex- 
hausting his  lungs,  so  that  they  contained  more  when  he 
began  than  when  he  left  off ;  his  lungs  appeared  to  be  of 
greater  capacity  thaix  those  of  the  usual  operator. 

Portions  of  aas  were  saved  from   each   of  the  mercurial 
gasometers  as  they  were  filled,  which  being  mixed  together, 
iof  the  average  gave  the  following  results  : 
100  parts  of  the  mixture  contained 

8'3  carbonic  acid. 
IS- 5  oxygen. 
79'    azote. 


Cahuhition  for  Carbonic  Acid. 
100   :   8-5   :    :   3311    :   281-43. 
('f)nscqucuilv  231*43  cubic  inches  of  carbonic  acid  gas  were 
given  oft' in  3.V  minutes. 

In  this  experiment  we  meet  with  a  remarkable  fact,  viz. 
that  as  much  carbonic  acid  gas  was  given  ofl'  in  5-1  minute?, 
-I?  in  th"  former  cxi)crimenl  in  cleVcu  n)inulcs  :  so  that  it 

appears. 
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appears,  whenever  alniospheric  air  is  taken  into  the  lungs, 
it  returns  charged  with  about  8  per  cent,  carbonic  acid. 
Tl»e  faster  respiration  is  performed,  the  "more  carbonic  acid 
is  given  off,  and  consequently  the  more  oxygen  consumed  : 
in  this  instance  it  was  given  ofT  at  the  rate  of  fifty-one 
cubic  inches  per  minute. 

Thirteenth  Experhnent. 
We  now  proceeded  to  carrv  on  the  respiration  of  common 
air  for  a  much  longer  period  than  usual,  and  of  course  on  a 
much  larger  quantity.  The  experiment  was  made  by  the 
same  operator  who  had  performed  all  the  other,  except  the 
12th.  Eleven  mercurial  gasometers  having  been  filled,  taken 
off,  and  registered,  the  operator  continued  to  breathe  in  the 
12th  mitil  a  mark  was  made  by  his  colleague  upon  the  scale 
of  the  water  gasometer,  and  it  was  again  filled  with  connnon 
air  to  the  usual  division  on  the  scale.  This  occupied  but  a 
very  short  space  of  time.  The  operator,  without  taking  hi$ 
lips  from  the  tube,  then  filled  twelve  more  of  the  mercurial 
gasometers,  which  were  registered  as  before,  and  he  conti- 
nued to  breathe  in  the  12lh,  until  the  water  gasometer  was 
a<Taln  replenished  ;  eleven  more  were  then  filled,  and  por- 
tions saved  from  each  :  the  experiment  was  completed  by  a 
forcible  expiration  of  160  cubic  inches  into  the  12th  ;  and 
this  last  portion  being  left  for  an  hour  and  a  half  was  not 
perceptibly  diminished  in  volume. 

„,.  Cubic  inclu'fi     ^  ,  .    .     , 

„  I  fiemi.        n^-  f  •    Cuoic  inches  t-.  r  ■ 

Barom.  j...  Tune.         of  conimon  ;'.>r       g^uired       Deficiency. 

29-85        68^         24'-37"  98QO  93/2  IS 

The  breathing  was  so  nearly  natural  that  the  operator  wa^ 
scarcely  fatigued,  and  thought  tliat  he  could  have  gone  on 
for  a  much  longer  time. 

The  smaliness  of  the  deficiency,  notwiibstanding  the  ex- 
periments occupied  24-^  minutes,  is  a  striking  circum- 
fitance,  and  leads  us  to  suspect  still  more  strongly,  that 
the  dedciency  principally  arises  from  the  impossibility  of 
always  bringing  the  lungs  to  the  same  state  after  forcible 
expiration. 
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100  part5  of  the  mixture  of  expired  gas  gavt 
8  carbonic  acid. 
13  oxygen. 
79  azote. 


100 


Cakulution  for  Carbonic  Acid. 
100  :  8  :  :  9672  :  789-7G. 
So  that  7Sy76  cubic  inches  of  carbonic  acid  gas  were  given 
off  in  2-ii  minutes,  which  gives  thirty-tv/o  cubic  inches  per 
minute.  But  here  it  must  be  noticed  that  the  respiration 
was  more  rapid  than  in  the  11th  expcriinent,  and  a  larger 
quantity  of  carbonic  acid  given  off  in  the  same  time.  This 
agrees  with  the  12th  experiment. 

We  are  very  much  inchned  to  think  that,  in  ordinary  re- 
spiration, a  great  part  of  tlie  air  is  returned  unaltered,  viz. 
that  contained  in  the  fauces^  in  the  trachea,  and  probably  a 
portion  of  that  in  the  larger  branches  of  the  bronchia.  If  this 
circumstance  be  not  adverted  to  in  experiments  upon  small 
quantities  of  air,  the  results  can  never  be  correct.  There  is 
even  a  considerable  difference  in  the  quality  of  the  first  and 
last  portions  of  a  single  inspiration.  In  some  experiments 
made  with  a  view  to  this  subject,  a  small  quantity  of  the  first 
portions,  given  off  in  a  common  and  natural  expiration,  was 
received  in  a  vessel  over  mercury  ;  on  examination,  it  only 
contained  3*5  per  cent,  carbonic  acid  ;  in  other  experiments 
the  first  portions  contain  from  three  to  five  per  cent. ;  while 
the  general  average  appears  by  the  1 1th,  12th,  and  13ih  ex- 
periments, to  be  about  eight. 

The  operator,  after  rather  more  than  a  natural  inspiration 
expired  204  cubic  inches  into  the  mercurial  gasometer, 
making  his  utmost  efforts  to  press  as  much  as  possible  out 
of  the  lungs,  this  contained  9*5  per  cent,  of  carbonic 
acid.  Here  we  are  to  recollect,  that  these  204  cubic  inches 
contained  the  first,  as  well  as  the  last  portions  ;  the  first 
portions  have  been  proved  to  contain  only  from  three  to 
fjve  per  cent.  ;  con.-^cquently  the  last  portions  nuist  contaitt 

more 
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more  than  appears  by  the  average  j  that  is,  more  than  9-5 
per  cent. 

It  now  appeared  to  us  of  consequence  to  asccrtahi  exactly 
what   happened  to  a  given  volume  of  atmospheric  air,  when 
it  was  inspired  and  expired  as  often  as  possible. 
Fourieentli  Experiment  *. 

Three  hundred  cubic  inches  of  atmospheric  air  were  ad- 
mitted into  the  mercurial  gasometer  G.  1. ;  the  other,  G.  2, 
was  empty.  The  nose  being  properly  secured,  and  the  mouth 
applied  to  the  tube  A,  as  usual,  air  was  drawn  from  G.  1, 
and  by  half  turning  the  cock,  2,  was  expired  into  G.  2.  This 
was  repeated  until  the  contents  of  G.  1.  had  been  made  to 
pass  through  the  lungs,  and  transmitted  to  G.  2.  The  air 
was  then  inspired  from  G.  2,  and  expired  into  G.  1,  until 
G.  2  was  nearly  empty.  This  was  repeated  about  eight  or 
tea  times  during  three  minutes,  until  respiration  became  ex- 
tremely laborious,  and  the  operator  desisted. 

The  whole  300  cubic  inches  must  have  passed  eight  or  ten 
times  through  the  lungs;  and  we  confidently  expected,  that 
on  examining  the  air  we  should  have  found^au  unusual  pro- 
portion of  carbonic  acid. 
But  100  parts  gave  only  9*5  carbonic  acid. 
5*5  oxygen. 
85*    a2ote. 

100 

Here  was  an  increase  of  six  parts  in  100  of  something  whiclr 
the  tests  for  oxygen  would  not  take  up,  and  also  a  loss  of  six 
per  cent,  oxvgen.  This  seemed  to  convince  us,  that  under 
certain  circumstances,  as  during  some  peculiar  alteration  in 
the  vital  functions,  gaseous  oxide  of  carbon,  carburetted 
hydrogen,  or  some  other  gas  not  absorbable  by  lime-water 
or  the  tests  for  oxygen,  might  be  given  off  from  the  lungSj 
and  we  accordingly  determined  to  repeat  Cruikshank's  ex- 
periments with  hyperoxygenized  muriatic  acid  gas. 

*  In  thi-3  experiment  there  was  obviously  no  occasion  to  make  allowance  for 
the  air  containcci  in  the  tubes  and  sockets.  Wo  find  its  vokiine  to  be  eighteen 
cubic  inches. 

vre 
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We  procured  the  gas  from  hyperoxvgenizcd  muriate  of 
potash  by  means  of  muriatic  acid,  and  mixing  it  with  a 
known  portion  of  gaseous  oxide  of  caibon  in  a  flint  stopper 
bottle,  the  mouth  of  which  was  immersed  in  mercury  for 
twenty-four  hours,  the  gaseous  oxide  of  carbon  was  converted 
into  carbonic  acid  gas,  as  was  proved  by  its  effects  upon  hme- 
water,  which,  when  both  the  gases  are  pure,  absorbs  them 
entirely  after  they  have  remained  together  for  twenty-four 
hours  ;  it  was  plain,  therefore,  that  wc  had  the  means  of 
detecting  gaseous  oxide  of  carbon,  and  doubtless  carbiuettcd 
hydrogen,  if  any  should  be  contained  in  the  expired  gas. 
From  a  conviction  of-thc  importance  of  these  experiments  we 
were  determined  to  take  nothing  upon  trust. 
Fifteenth  Experiment, 
'We  repeated  the  14th  experiment  with  a  little  variation. 
In  this  case  we  employed  only  one  of  the  mercurial  gaso- 
meters, into  which  exactly  300  cubic  inches  of  atmospheric 
air  were  admitted.  The  operator  having  made  an  easy  ex- 
piration, applied  his  mouth  to  the  cock  at  tb.e  top  of  the  bell 
glass,  and  the  time  being  noted,  began  to  breathe ;  in  less 
than  a  n)inute  he  found  himself  obliged  to  take  deeper  and 
deeper  inspirations ;  and  at  last  the  eflbrts  of  the  lungs  to 
take  in  air  became  so  strong  and  sudden,  that  the  glass  was 
in  some  danger  of  being  broken  against  the  side  of  the  gaso- 
meter. A  great  sense  of  oppression  and  suffocation  was  now 
felt  in  the  chest,  vision  became  indistinct,  and  after  the  se- 
cond minute  bis  whole  attention  seemed  to  be  withdrawn 
from  surrounding  objects  and  fixed  upou  the  experiment. 
He  now  experienced  that  buz  in  the  ears  which  is  noticed 
in  breathing  nitrous  oxide,  and  after  the  third  minute  he  had 
only  suflicient  recollection  to  close  the  cock  after  an  ex- 
piration. This  secured  the  result  of  the  experiment  ;  but 
lie  became  so  perfectly  insensible  that,  on  recovering:,  he 
was  much  surprised  at  finding  his  friend  and  the  assist- 
ant on  the  table  in  the  act  of  supporting  him.  Jt  was 
noticed  that  he  had  made  thi.ly-fivc  inspirations  during 
the  experiment.  Wc  now  examined  the  air  which  had  becu 
so  treated. 

1  100  parts 
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TOO  parts  contained    10  carbonic  acid. 


4  oxygen, 
azote, 


100 


In  tills  experiment  it  is  reniarkahle,  that  the  air  which  liad 
been  so  often  through  the  king-,  should  only  have  furnished 
iO  per  cent,  of  carbonic  acid,  while  the  air  which  passesthcin 
but  once  contains  from  8  to  8*5. 

Here  the  oxygen  had  lost  7  from  21,  and  the  azote  had 
gained  7  upon  79. 

We  kne.v  by  previous  experiment  *,  that  every  cubic  inch 
of  carbonic  acid  gas  required  exactly  a  cubic  inch  of  oxygeti 
for  its  formation ;  the  ten  parts  of  carbonic  acid  may  therefore 
be  reckoned  as  oxygen,  which  would  make  the  constitution  of 

the  o;as  after  the  experiment  <    ^  ox\gen. 
°  ^  \hO  azote. 

whereas  before  the  experiment  it  was  <  Z      •  XS    ^* 
^  \7y  azote. 

Now  we  did  not  suppose  the  residuum  of  86  to  be  all 
azote,  though  79  might  be  ;  therefore  seven  parts  appeared 
to  have  been  added  by  this  unnatural  mode  of  respiring, 
and  we  conjectured  the  addition  might  be  gaseous  oxide  of 
carbon. 

To  ascertain  this,  we  put  40  parts  into  a  flint  stopper 
bottle,  and  nearly  filled  it  with  about  100  parts  hyperox- 
ygenized  muriatic  acid,  procured  as  before,  and  recently  pre- 
pared; the  stopper  being  puf  in,  over  distilled  water,  we 
plunged  it  in  (juicksilver,  and  filled  a  second  bottle  in  the 
same  way,  as  a  comparative  experiment. 

We  next  procured  some  pure  azote,  by  absorbing  the  oxy- 
gen from  a  portion  of  atmospheric  air  by  the  saturated  green 
sulphate  and  simple  green  sulphate  as  usual  ;  40  parts  of  this 
azote  were  mixed  with  the  same  proportion  of  the  acid  gas 
as  in  the  other  experiment,  and  the  whole  suffered  to  stand 
for  forty-eight  hours;  at  the  end  of  this  time  the  azote  was 
examined,  by  washing  it  first   in  distilled  water,  and  after- 

*  fee  the  experiments  on  garbonic  acid  in  the  Society's  Transactjons. 

wards 
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wards  in  the  eudiometer  with  the  tests  for  oxygen  ;  and  there 
were  still  exactly  40  parts  left ;  proving  that  the  hyperox- 
vpenized  muriatic  acid  gas  has  no  action  upon  azote. 

We  then  examined  the  bottles  containing  the  residuum 
from  the  air  that  had  been  so  often  respired,  and  found  that 
it  had  not  experienced  the  slightest  change  ;  it  was  therefore 
plainly  azote  ;  and  on  reileclion,  it  occurred  to  us,  that  if  a 
certain  proportion  of  oxygen  had  been  absorbed  or  lost  in  any- 
way, while  the  azote  remained  unaltered,  there  must  be  au 
increased  proportion  of  the  latter. 

Now  we  knew  exactly  bolii  the  bulk  and  the  constitution 
of  the  air  before  the  experiment  ;  but  it  was  impossible  to 
know  the  bulk  or  volume  after  the  experiment  otherwise  than 
by  calculation. 

The  300  cubic  inches  of  atmospheric  air   before  the  ex- 
p-riment  contained  21  oxygen,  79  azote  in  100  parts,  making 
the  total  quantity  of  oxygen  63  cubic  inches, 
azote  23  7 

300 

Now  if  the  lungs  be  capable  of  fixing  permanently  any 
azote  from  the  atmosphere,  it  appears  by  our  experiments 
that  the  quantity  must  be  very  minute,  seeing  that  in  the 
1 1th,  12th,  and  13th  experiment,  it  did  not  disturb  the  pro- 
portion of  azote,  as  shown  by  the  eudiometer ;  we  shall  there- 
fore in  the  present  instance  assume  the  volume  of  azote  after 
the  experiment  at  237  cubic  inches,  as  before. 

But  after  the  experiment,  every  100  parts  consisted  of  86 
parts  azote,  and  J4  oxygen,  either  in  the  form  of  carbonic 
acid,  or  free. 

86   :    14   :  :   237    :   38'5S. 
Therefore  the  total   quantity  of  oxygen  left  after  the  experi- 
ment would  have  been  38-58  cubic  inches. 

Then  237  azote  +  38-58  oxygen  =  275-58; 
the  quantity  of  gas  after  respiration   would    therefore  iiavc 
>>ecn  275-58  cubic  inches. 

300 — 275-58  =  the  loss  of  oxyccn,  or  24-4  2  cubic  inches. 
It  appears,  therefore,   that  2i'12  cubic  inches  of  oxygen  had 

been 
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been  absorbed  by  the  system  under  the  circumstances  of  this 
experiment. 

Reviewing  the  Hlh  experiment,  it  appears  that  the  gas 
after  respiration  contained  S5  per  cent,  azote,  and  15  per 
cent,  oxygen,  either  in  the  state  of  carbonic  acid,  or  free. 

State  of  file  Air  before  the  Experiment. 

300  =  237  azote  +  63  oxygen. 

After  the  Experiment. 

85  :  15  ::  237  :  41-82. 

The  total  quantity  of  oxygen  after  the  experiment  appears  ta 

be  41-82  cubic  inches. 

Then  237  azote  +  41-82  oxygen  =  278-82. 
The  total  volume  after  the  experiment  appears  to  be  278-82 
cubic  inches. 

300—273-82  =  21-18. 
The  loss  of  oxygen  in  this  case  was  21-18  cubic  inches. 
We  are  disposed  to  consider  the  1 1th  as  a  standard  expe- 
riment relative  to  carbonic  acid  gas,  because  the  quantity  of 
air  respired  in  a  given  time  is  pretty  near  the  average  of  the 
lirst  ten  experiments:  and  because  it  very  nearly  agrees  with 
the  statement  of  professor  Davy.  In  this  experiment  292 
cubic  inches  of  carbonic  acid  gas  were  given  off  in  elevea 
minutes  ;  the  barometer  wag  30-4,  the  thermometer  50°,  the 
volume  being  calculated  at  the  mean,  viz.  barometer  30, 
thermometer  60°,  will  be  302  cubic  inches  given  off  in  elevea 
minutes,  or  39534  cubic  inches  in  twenty-four  hours,  sup- 
jiosing  the  production  to  be  uniform  during  all  that  period  ; 
and  as  100  cubic  inches  of  carbonic  acid  gas  weigh  47-26 
grains, 

100  :  47*26  :  :  39534  :  18683-76; 
the  weight  of  the  carbonic  acid  gas  amounts  to    18683-76 
grains;  and  estimating  the  carbon  in  it  at  23  parts  in  100, 
according  to  Lavoisier,  or  28-60,  as  calculated  in  the  expe- 
riments on  diamond,  recorded  in  the  Society's  Transactions, 

100  :  2S-60  ::  18683-76  ;  5363-55  grains; 
It  will  follow  that  5363-55  grs.  or  above  11  oz.  troy  of  solid 
carbon,  are  emitted  by  the  lungs  in  the  course  of  twenty- 
fonr  hours  ;  and  that  39534  cubic  inches  of  oxygen  gas  are 
consumed  in  the  same  time.  But  when  we  consider  that 
in  respiration  perfectly  natural^  a  much  smaller  quantity  of 

air 
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air  can  coir.e  in  contact  with  those  parts  of  the  kings  calcu- 
lated to  act  upon  it,  the  proportion  of  carbonic  acid  gas 
given  off  in  natural  respiration,  onght  probably  to  stand 
considera])ly  lower  than  in  the  above  estinuUe}  but  at  all 
€S'cnts  it  will  be  very  considerable. 

Sixteenth  Experiment.. 

Having  made  so  many  cxperirneiUs  upon  atmospheric  air, 
we  now  proceeded  to  ascertain  the  eflccti  produced  upon 
Tixygcn  gas  by  the  process  of  respiration.  The  water  gaso- 
ineter  was  filled  with  oxygen  gas  made  from  the  hvperoxv- 
genized  muriate  of  potash  by  heat,  care  liaving  b-^en  taken" 
to  clear  all  the  lubes,  &cc.  as  much  as  possible  of  commwJ 
air,  by  forcing  a  quantity  of  oxygen  gas  through  them. 

One  hundred  parts  from  the  water  gasometer  being  treated 
with  the  usual  tests  in  the  eudiometer,  a  residuum  of  only 
9*5  was  left  j  so  that  97*5  per  cent,  were  purQ  oxygOH,  and 
the  rest  azote. 

The  register  of  the  water  apparatus  being  noticed,  and  the 
operator  having  prepared  himself  as  usual  by  a  forced  expi- 
ration, began  to  respire;  his  pulse  was  7iJ;  and  at  the  end 
of  nine  minutes  and  twenty  seconds,  the  experiment  was 
concluded  by  a  forced  expiration,  when  the  pulse  was  raised 
to  88. 

Th^mi.  ...  -Cubk  Inches     Cuh.  Tnrhes     ^^. 

Barom.        j.^j^^  i  inie.       ol  oxygen  gas        ^^.,jj.,,j         Deficiency,', 

inspired.  ' 

£9-5         53"*  9'-20"  32fiO  3193  67 

Tlie  operator  felt  a  general  glow  over  the  body  to  the  very 
extremities,  with  a  gentle  perspiration  ;  this  however  went 
off  in  a  few  minutes,  and  no  remarkable  deviation  fi-om  the 
ordinary  state  was  experienced. 

A  portion  having  been  saved,  as  usual,  from  each  of  tl\£ 
mercurial  gasometers,  for  an  average, 
300  parts  contained 

\  I   carbonic  acid, 
83  oxygc-n, 
(i  azote. 

100 

The  cxamiuatioa  repeated,  gave  the  same  results. 

Calculation 
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Calculation  for  Carbojiic  Acid. 
100  :  1  1  ;  :  3193  :  351-23, 
consequently,  351*23  cubic  inches  ot' carbonic  acid  gas  were 
formed  in  9'-20'',  or  37"C4  cubic  inches  in  a  minute. 

Here -it  is  plain  that  a  greater  quantity  of  carbonic  acid 
was  formed  from  oxygen  than  from  common  air,  in  the 
same  time  j  and  hence  we  infer,  that  one  use  of  azote  is  to 
regulate  the  t|uantity  of  oxygen,  which  shall  be  taken  up  in 
the  act  of  respiration. 

The  gas  inspired  was  3260  cubic  inches,  and  of  this  2*5 
per  cent,  was  azote. 

100  :  2-5  ::  3260  :  81*50. 
Tlie  total  quantity  of  azote  in  the  gas  inspired,  was  there- 
fore 81*50  cubic  inches. 

The  quantity  of  gas  expired  was  3193  cubic  inches,  and 
of  this  every  100  parts  contained  six  of  azote. 
100  :  6  ::  3193  :  191-58. 
The  total  quantity  of  azote  in  the  gas  expired,  was  there- 
fore 191*58  cubic  inches;  but  the  total  quantity  of  azote  be- 
fore respiration  was  only  8f*50. 

191*58  —  81*50  =  110*08; 
therefore  1 10*08  cubic  inches  were  added  by  the  process  of 
respiration,  beside  what  little  remained  in  the  lungs  after  the 
experiment. 

Cnlculationfor  Oxygen. 

The  3260  cubic  inches  of  gas  inspired  contained  81*50  azote, 

3260  —  81*50  =  3178*50, 
and  consequently  the  pure  oxygen  was  3178*50  cubic  inches. 
The  3193  cubic  inches  of  gas  expired,  contained  33  per  cent, 
of  free  oxygen,  and  1 1  per  cent,  in  carbonic  acid  gas,  making 
together  94. 

100  :  91  :  :  3193  :  3001*42. 

The  oxygen  gas,  found  after  the  experiment,  was  there- 
fore 3001*4  2  cubic  inches,  and  deducting  this  from  the  oxy- 
gen before  the  experiment, 

3178*50  --  3001*42  =  IZ/'OS. 
It  appears,  at  first  sight,  that  177*08  cubic  inches  of  oxygen 
were  missing,  but  great  part  of  this  may  be  accounted  for,  by- 
adverting  10  the  state  of  the  lungs  after  the  experiment. 
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The  addition  of  1 10*08  cubic  inches  of  azote,  we  consider 
as  arising  from  that  portion  still  retained  in  the  luncs,  not- 
withstanding the  forced  expiration  at  the  beginning  of  the 
experiment,  and  considering  that  in  the  14th  and  15th  ex- 
periment, where  the  same  air  was  repeatedly  breathed,  the 
proportion  of  azote  was  in  the  one  case  85,  and  in  the  other 
86  per  cent.  It  seems  fair  to  presume,  that  the  residual  air 
contained  in  the  lungs  after  a  forced  expiration  may  amount 
in  100  parts,  to  not  more  than  16  oxygen  and  8-1  azote  :  any 
one  who  reflects  upon  the  structure  of  the  lungs,  and  the 
minute  ran}ifications  of  the  extremities  of  the  bronchial  ves- 
sels ;  and  when  he  also  considers  that  those  parts  of  the 
Jungs  with  which  the  air  comes  in  contact,  if  spread  out, 
would  present  a  surface  equal  to  that  of  the  superficies  of  the 
whole  body  j  and  lastly,  that  this  viscus  is  so  exceedingly 
spongy  and  porous,  that  when  once  inflated,  it  is  ever  after 
impossible  by  ordinary  mechanical  means  to  expel  the  air 
completely,  he  will  easily  perceive,  not  only  that  a  large  por- 
tion of  air  must  remain  for  a  considerable  time  in  contact 
with  the  internal  surface  of  the  lungs,  where  it  is  liable  to 
lose  a  portion  of  its  oxygen,  but  also  that  the  residual  quan- 
tity of  air  in  the  lungs,  after  the  most  violent  attempts  at 
expiration,  may  be  very  considerable.  It  is  to  this  circum- 
stance that  vie  attribute  the  excess  of  azote  in  the  experi- 
ments upon  oxygen,  and  pretty  deep  inspirations  of  this  gas 
having  l)een  made  during  q''20'\  the  azote  must  have  been 
in  great  measure  displaced.  Admitting  then  that  the  air 
contained  in  the  lungs,  before  the  experiment,  consisted  of 
16  oxygen,  84  azote,  and  at  the  conclusion  of  the  experi- 
ment of  94  oxygen,  6  azt)te,  then  we  have 
^  azote  at  the  begining, 

100  o  o 

5'".  azote  at  the  end, 

100 

/^  +  110  =  ^':^ 

100  100 

l\0  =  ^^  -  ^or.Mx  -^  '06x  =  '-ST. 
X  =  l'°-  ^^  ^^'  cubic  inches ; 

•78" 

Therefore  upon  this  calculation  it  appears  that  Ml  cubic 

inche- 
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inches  of  gas  remained  in  the  lungs  after  a  forcible  attempt 
at  expiration  ;  then  the  state  of  the  lungs  bei'ore  the  experi- 
ment must  have  been 

11 8*44  azote, 
22*56  oxygen. 


141 


And  after  the  experiment, 

J32-54  oxygen, 
8-46  azote. 


141 


Calculation  on  total  Quantities. 
Azote  before  the  experiment,    81  "30  cubic  inches, 
• contained  in  the  lungs,  1 18*44 

199-94 

Azote  after  the  experiment, 

found  by  the  tests,  191*58 

contained  in  the  lungs,       8*46 


200*04 


Oxygen  before  the  experiment,        317S-50 
contained  in  the  lungs,  22*56 


3201*06 


Oxygen  after  the  experiment, 

found  by  the  tests,  3001*42 

.  contained  in  the  lungs,         132*34 


3133*96 


Total  of  oxygen  before  the  experiment,     3201*06 
Total  of  oxygen  after  the  experiment,         3133*96 


Difference  67*10 


The  deficiency  noticed  in  the  experiment  was  Qj,  supposing 

that  the  lungs  were  brought  to  the  same  state  after  as  before 

the  experiment;  but  granting;  that  this  was  not  the  case, 
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and  ^hat  at  t!h'<^  do^e  of 'thx?  experiment  the  state  of  the  Kings 
^as  141  -|-W7  —  208,  ftHl  our  approximation  will  come 
within  four  or  five  cubic  inches,  for  the  azote  contained  in 
the  sixty-seven  missing  would  be  only  about  four  cubic 
inches.  We  are  aware  that  the  temperature  of  the  kmgs 
being  97,  while  that  of  the  gas  was  53°,  the  141  cubic 
inches  would  occupy  a  space  ef]nal  to  151  cubic  inches ;  but 
this  residual  quantity  must  be  greater  or  less  according  to  the 
exertion  made,  and  also  probably  according  to  the  state  of 
the  muscular  fibre  at  the  time. 

Seventeenth  Experiment. 
The  water  gasometer  was  filled  to  the  usual  mark  upon  the 
scale,  with  oxvgen  gas,  prepared  from  about  9  oz.  troy,  of 
hypcroxygenizcd  muriate  of  potash,  as  in  the  former  experi- 
ment ;  the  gas  being  examined  was  found  to  contain  as  be- 
fore, 2-5  azote,  and  97*5  oxygen,  in  100  parts. 

The  apparatus  being  found  air-tight,  and  all  the  tubes,  &c. 
cleared  of  atmospheric  air  by  passing  oxygen  through  them, 
the  operator  prepared  himself  for  the  experiment  ;  but  rt 
must  be  noticed  that  he  had  been  rather  fatigued  during  five 
hours  previous  to  respiring,  and  had  not  taken  any  refresh- 
ment ;  the  weather  was  very  warm  ;  his  pulse  86  j  heat 
under  the  tongue  98^;  he  fek  no  uncomfortable  sensalion 
durin<Tr  the  process,  but  experienced  a  gentle  glow  and  uni- 
versal perspiration,  breathing  all  the  time  with  great  ease  ; 
his  pulse  after  the  experiment  was  102,  and  the  heat  under 
the  tongue  99". 

T,,  Cubic  Inches  r>  i    i     i 

_  Therm.  ^.  ,  Cub  Iiichci    -.  n  ■ 

Barom.  p.i,_  Time.       of  oxygen  gas        cxmved        Deficiency, 

inspired.  ' 

30-3           70*^  7'-25''         3420               3362            53. 

The  quantities  of  expired  gas  taken  ofl'in  each  of  the  mer- 
curial gasometers  were  as  under,  in  the  order  in  which  they 
were  filled. 

No.   1 .  -         -         250  cubic  inches. 

2.  -         -  290 

3.  -  -          272 

4.  -  -  238 
^.  -  -  252 
6.  ..          -          300 
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7. 

. 

- 

S241 

s. 

- 

- 

2C)6 

0. 

- 

- 

256 

10. 

- 

- 

256 

11. 

- 

- 

286 

12. 

- 

- 

257 

13. 

- 

^ 

16S 

3362 

The  13th  gasometer  was  the  whole  of  the  last  suigle  and 
forcible  expiration  ;  portions  were  saved  from  each  of  thg 
gasometers,  and  we  first  examined  the  state  of  No.  l, 
100  parts  contained      9  carbonic  acid^ 
25  azote, 
6Q  oxygen. 

100 

The  large  quantity  of  azote  in  this  cas^  was  a  dear  proof 
that  our  conjecture  upon  the  residual  gas  is^  the.  luj[ig^  ,W^ 
well  founded. 

We  then  examined  a  mixture  of  No.  2  and  3. 
100  parts  contained   10-5  carbonic  acid^ 

10       azote,    vJijfusup  i 
79'5  oxygen. 

100 

Tiere  the  quantity  of  azote  was  dimhiishing,  and  the  Tatio  of" 
carbonic  acid  increasing;  so  that  it  appears  necessary  fo^  the 
lungs  to  be  cleared  of  azote,  before  the  increased  proportion 
(-pf  carbonic  acid  can  take  place. 

-^  The  13th  or  last  gasometer  was  now  examined  by  itscif: 
100  parts  contained  12*5  carbonic  acid, 
5-5  azote, 
82*     oxygen. 

100 

Here  the  proportion  of  azote  was  only  3  per  cent,  more  than 
what  existed  previously  in  the  gas  ;  and  hence  we  may  con- 
clude, that  even  seven  minutes  and  ahalf  was  not  a  sufficient 
lime  to  remove  the  azote  from  the  extremties  of  the  bronchia. 
R3  We 
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We  lastly  made  a  mixture  of  all  the  gasometers,  from  2  to 
12  inclusive^  and  found  that  100  parts  contained 
12     carbonic  acid, 
6*5  azoie, 
8 1 -5  oxygen. 

100 

Calculation  for  Carbonic  Acid. 
100  :  9  :  :  230  :  22*50     Carbonic  acid  gas  in  No.  1.    22-50 
100  :  12-5  ::  18(1  :  21  ditto     "  No,  13.  21 

From  3362  total  expired 

250  No.     1. 

l6S  No.  13. 

Deduct      418 

Leaves  the  mixture  2944  of  No.  2,  to  No.  1 2. 

100  :  12  ::  2944  :  353-28   Carb.  acid  gas  in  mixture    3^3.^3 

2.  to  12.  

396-78 


The  total  quantity  of  carbonic  acid  gas  emitted,  was  there- 
fore 396-78  cubic  inches. 

Calculation  for  Azote. 
100  :  2-5  :  ;     250  :     62-50     Azote  in  No.     1.  62'50 

100  :  5-5  :  :     168  :       9*24 in  No.  13.  9*24 

300  :  6-5  ::  2944  :  191*36 inmixt.  2.  to  12.  191-36 

263-10 


The  azote  expired,  beside  what  might  be  contained  in  the 
lungs,  at  the  close  of  the  experiment,  was  therefore  263-10 
cubic  inches.  Here  it  is  plain,  that  the  operator,  at  the  be- 
ginning of  this  experiment,  had  not  brought  his  lungs  to  the 
same  state  as  in  the  preceding;  or  that  in  ct)nsequence  of 
fatigue,  and  want  of  refreshment  for  several  hours,  the  pro- 
portion of  azote  in  the  lungs  might  be  greater. 

Every  100  pans  of  oxygen,  before  it  was  inspired,  con- 
tained 2-5  azote, 

100 


and  Oxygen  Gas  ly  Respiration.  263 

100  :  2-5  ::  3420  :  85-50; 
Consequently  It  contained  S5"50  cubic  inches  of  azote. 
From     263-10 
Deduct    85-50  the  original  azote, 

177'60  will  be  left  for  the  increase  of  azote. 

Then  supposing  as  before,  that  the  quality  of  the  air  in  the 
lungs,  before  the  experiment,   was  84   per  cent,  azote,   10 
oxygen,  and  after  the  experiment  5*5  per  cent,  azote,  94' 5 
oxygen,  as  found  in  the  last  gasometer,  we  take 
!lf  azote  at  the  beginning, 


—^  azote  at  the  end  : 
100                                       ' 

^■""  +  177-60  =  ''^ 

100    ^      "                  100 

1 77-60  =  ^  —  ^  or  •84x  -  •055jc  = 

100          100 

•785a', 

X  =  -  '-^  or  226  cubic  inches. 

•785 

Hence  it  appears,  that  previous  to  the  experiment,  the  lungs 

contained  in  this  instance  22G  cubic  inches;  and  if  we  suppose 

them  to  be  in  the  same  state  after,  as  before  the  experiment, 

the  quality  of  the  gas  in  each  case  will  be  as  follows : 

Contents  of  the  L?in(rs  he/ore  the  Experiment. 

189-84  cubic  inches  of  azote, 

36-16  oxygen. 


226 


Contents  of  the  Lungs  after  the  Experiment, 
12-43  cubic  inches  of  azote, 
213-5  7  oxygen. 


226 


Colcnlationfor  Oxygen. 
3420  —  85-50  =  3334-50  original  oxygen, 

Add       36- 1 6  in  the  lungs  before  the  experiment. 


^"70-66  1^°^^^  quantity  of  oxygen  before 
^'  1  the  experinient. 

R  4  After 
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After  the  Experiment. 

100  ; 

:  66    : 

:  250     :  165       oxvgen  in  No.  1.               165 

TOO  ; 

;  82     : 

:  168    :  137-76  — in  No.  is'.                137-76 

100  ; 

;  81-5: 

:  2944:2399*36 in  mi.xt.  2.  to  12.  2399-36 

in  carbonic  acid      396' 78 

in  lungs  after  expt.  213-57 

3312-47 

3312-47  atier  experiment. 


58"  19  deficiency. 


The  observed  deficiency  in  this  experiment  was  58. 

The  deficiency  in  this  case,  and  m  the  former  cx|)erinient 
with  oxvgen,  though  comparatively  small,  when  contrasted^ 
with  the  quantity  of  gas  respired,  is  larger  than  the  average 
with  atmospheric  air :  it  seems  probable,  therefore,  that  a 
portion  may  be  detained  in  the  system.  It  must  be  remem- 
bered that  what  we  call  residual  gas,  is  not  only  that  con- 
tained in  the  substance  of  the  lungs,  and  in  its  appendages, 
but  also  that  contained  in  the  fauces  and  mouth. 

Eightetnth  Experiment, 

Ciib.  Inches,     p  i     t     i 
Barom.         Thefm.  Time        ofoxysfengas         exnired        Deficiency, 

inspired.  P 

30-15  70*         &'-45''  3130  3060  70. 

The  operator  breathed  as  usual,  after  having  made  a  strong 

effort  to  exhaust  his  lungs  j  his  pulse  before  the  experiment 

was  84,  the  thermometer   under  his   tongue  98" :  after  the 

experiment  his  pulse  was  96,  and  the  thermometer  under  his 

tongue  still  9S' ;  the  same  gentle  glow  and  perspiration  was 

felt  as  in  the  other  experiments  on  oxygen  ;  a  portion  of  the 

gas  was  saved  from  each  of  tht   nicrcuiial  gasometers,  and 

their  amounts  were  as  under : 

No.  1.    -    -    196 

2.  -     -     228 

3.  -    -    284 

4.  -     -     294 

5.  -    -    248 

6.  -    -    280 

7.  -    -    258 

8. 
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8.  -    -    272 

9.  -    -  -  250 

10.  -    -    304 

11.  -    -    223 
J  2,    -    -    223 

3060 

No  1,  tried  by  itself^  contained  In  100  parts, 
9  carbonic  acid, 
22  azote, 
69  oxygen. 

100 

No.  12,  the  last,  contained  in  100  parts, 
1 2  carbonic  acid, 
5  azote, 
83  oxygen. 

100 

On  account  of  an  accident  we  cannot  2;ive  the  proportions 
contained  in  2  to  10  j  but  the  contents  f>l"  the  first  and  last 
gasometers  confirm  the  former  experiment,  and  show^that 
the  proportion  of  azote  continues  to  diminish,  as  the  expe- 
riment proceeds,  and  also  that  ther^  is  a  larger  prop9rtion  of 
carbonic  acid  given  off  when  oxygen  is  employed,  instead  of 
atmospheric  air. 

In  this  recital  of  experiments,  which  have  occuj/ied  a  con- 
siderable portion  of  time  and  attention,  w^e  have  endea- 
voured to  give  a  plain  statement  of  facts,  from  which  every 
one  may  draw  conclusions  for  himself;  we  shall  here,  how- 
ever, take  the  liberty  of  briefly  recapitulating  the  principal 
of  those  facts,  and  submitting  what  seems  to  us  the  most 
obvious  inferences. 

1.  It  appears  that  the  quantity  of  carbonic  acid  gas  emit- 
ted is  exactly  equal,  bulk  for  bulk,  to  the  oxygen  consumed, 
and  therefore  there  is  no  reason  to  conjecture  that  any  water 
is  formed  by  an  union  of  oxygen  and  hydrogen  in  the  lungs. 

2.  Atmospheric  air  once  entering  the  lungs,  returns 
charged  with  from  S  to  S*5  per  cent,  carbonic  acid  gas,  and 

\  when 
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when  the  contacts  are  repealed  almost  as  frequently  as  possi- 
ble, only  10  per  cent,  is  emiilcd. 

The  12th  and  13th  experiments  prove,  that  when  the  in- 
spirations and  expirations  are  more  rapid  than  usual,  a  larger 
quantity  of  carbonic  acid  is  emitted  in  a  given  time;  but  the 
proportion  is  nearly  the  same,  or  about  8  per  cent.  The  pro- 
portions of  carbonic  acid  gas,  in  the  first  and  last  portions  of 
a  deep  inspiration,  differ  as  widely  as  from  3*3  to  Q-o  per  cent. 

3.  Considering  the  11th  as  a  standard  experiment,  it  ap- 
pears that  a  middle-sized  man,  aged  about  thirty-eight  years, 
and  whose  pulse  is  seventy  on  an  average,  gives  off  302  cubic 
inches  of  carbonic  acid  gas  from  his  lungs  in  eleven  minutes  ; 
and  supposing  the  production  uniform  for  twenly-four  hours, 
the  total  quantity  in  that  period  would  be  39534  cubic 
inches,  weighing  I86S3  grains;  the  carbon  in  which  is 
3363  grains,  or  rather  more  than  11  oz.  troy;  the  oxygen 
consumed  in  the  same  time  will  be  equal  in  volume  to  the 
carbonic  acid  gas  ;  but  it  is  evident,  that  the  quantity  of 
carbonic  acid  gas,  emitted  in  a  given  time,  must  depend 
very  much  upon  the  circumstances  under  which  respiration 
js  pcrfoimcd  ;  and  here  it  may  be  proper  to  notice,  that  all 
ihe  experiments  were  made  between  breakfast  and  dinner. 

4.  When  respiration  is  attended  with  distressing  circum- 
stances, as  in  the  14th  and  15th  experiments,  there  is  reason 
to  conclude  that  a  portion  of  oxygen  is  absorbed  ;  and  in 
the  last  of  these  experiments,  we  may  remark,  that  as  the 
oxygen  decreases  in  quantity,  perception  gradually  ceases, 
and  we  may  suppose  that  life  would  be  completely  extin- 
guished on  the  total  abstraction  of  oxygen. 

5.  A  larger  proportion  of  carbonic  acid  gas  is  formed  by 
the  human  subject  from  oxygen,  than  from  atmospheric  air. 

6.  An  easy,  natural  inspiration  is  from  16  to  17  cubic 
inches  in  the  subject  of  these  experiments,  who  makes  about 
ly  in  a  minute;  this,  however,  will  vary  in  different  indi- 
viduals, and  {)crhaps  we  ought  to  estimate  the  quantity  of 
carbonic  acid  gas,  given  off  in  perfectly  natural  respiration, 
at  somewhat  less,  and  most  likely  at  considerably  less,  than 
in  the  statement  above,  when  we  consider  that  in  short  inspi- 
rations the  quantity  of  air  which  has  reached  no  further  than 
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the  fauces,  tracliea,  S:c.  bears  a  much  larger  proportion  to 
the  whole  mass  respired,  than  when  the  inspirations  are  deep. 

7.  Nohydrogrn,  nor  any  other  gas,  ajipears  to  be  evolved 
during  the  process  of  respiration. 

8.  The  general  average  of  the  deficiency  in  the  total 
amount  of  common  air  ins|)ired,  appears  to  be  very  small, 
amounting  only  to  about  6  parts  in  1000,  and  we  are  in- 
clined to  attribute  it  in  great  nieasure  to  the  difficulty  in  ex- 
hausting the  lungs  a?  completely  aher  an  experin^ent  as  be- 
fore it;  the  first  expiration  being  made  into  the  open  air, 
the  last  into  the  apparatus. 

9.  The  experiments  upon  oxygSn  gas  prove  that  the  quan- 
tity of  air  remaining  in  the  lungs  and  its  appendages  is  very 
considerable,  and  that,  without  a  reference  to  this  circum- 
stance, all  experiments  upon  small  quantities  of  gas  are 
liable  to  inaccuracy. 

Other  important  conclusions  might  perhaps  be  drawn  from 
the  facts  related  in  this  paper :  but  having  already  trespassed 
largely  upon  the  lime  of  the  Society,  we  shall  abstain  from 
any  further  remarks,  until  we  bring  forward  a  new  series  of 
experiments. 


XXXIX.   On  Commerce.      By  Mr.  James  Gkaiiam,  of 
BeTivick-iipon-Tnecd. 

To  Mr.  Tilloch. 

Jl*  ROM  some  circumstances  needless  to  mention,  I  did  not 
see  your  Magazine  till  a  few  days  ago,  in  which  some  re- 
marks are  made  on  my  Essay  on  Commerce, 

Before  I  again  enter  upon  this  subject,  permit  me  to  re- 
turn my  best  thanks  to  Mr.  Lapis,  for  the  mild  and  candid 
manner  in  which  he  has  oflTered  his  remarks.  I  am  much 
obliired  bv  his  giving  me  an  opportunity  of  further  illus- 
trating and  proving  the  propositions  I  laid  down  in  my  for- 
mer Essav;  but  after  all,  if  it  should  appear  that  some  of 
jny  opinions  were  erroneous,  the  sooner  my  error  is  detected 
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lh»  better.  I  have  long  been  of  opinion,  that  freetloni  of 
discussion  is  the  highest  privilege  thai  either  a  nation  or  an 
individual  can  enjoy,  whether  in  regard  to  commerce,  poli- 
tics, or  religion.  Let  error  hide  lis  haggard  face,  shrink 
from  ijiqulry,  or  shelter  itself  under  laws,  pains,  or  penal- 
ties. Truth  has  nothing  to  fear :  the  more  it  is  tried,  the 
more  it  is  examined,  }ike  a  fair  and  upright  character  it  will 
only  appear  more  amiablC;,  and  shine  with  a  brighter  lustre. 

It  would  appear  from  the  remarks  of  Mr.  Lapis,  that  \ 
had  not  expressed  my.self  in  so  clear  a  manner,  but  that  some 
doubt  might  arise  as  to  the  real  meaning  of  the  p»roposition 
1  laid  down  relative  to  the  laws  of  nature,  pointing  out  the 
true  principles  of  commerce,  and  that  in  all  our  commercial 
regulations  we  ouglit  to  keep  those  laws  in  the  order  of  na- 
ture constantly  in  view.  In  the  diversified  productions  of 
the  world  which  we  inhabit,  I  endeavoured  to  trace  the  first 
principles  of  commerce,  by  every  country  having  some  su- 
jpcrfluitles,  and  that  there  was  no  country  but  had  some 
wants ;  that  a  njvuual  intercourse  v/as  of  reciprocal  advantage ; 
that  all  prohibitory  laws,  or  excessive  duties,  were  counteract- 
ing the  beitevolcnt  dispensations  of  the  Supreme  Being,  that 
no  laws  however  severe,  nor  any  regulations  however  mul- 
tiplied, would  prevent  illicit  trade  where  there  was  too  strong 
3  temptation  ;  that  this  was  encouraged  and  supported  by  the 
present  impolitic  laws,  and  such  had  a  very  bad  effect  on 
the  morals  of  the  people.  To  have  illustrated  all  these  in  a 
full  and  proper  man«er  would  have  required  a  volume  :  I 
only  mentioned  what  struck  me  at  the  time  as  being  most 
evident,  and  generally  understood  by  the  middling  class  of 
society. 

I  will  now  endeavour  to  answer  some  of  Mr.  Lapis's  ob- 
jections. He  says  that  the  laws  or  order  of  nature  are  the  re- 
verse of  what  1  had  stated,  because  every  country  docs,  or 
with  proj)cr  cultivation  will,  produce  all  those  articles  neces- 
sary for  the  support,  &c.,  of  the  inhabitants,  and  that  the 
natural  produce  of  every  country  is  the  most  congenial  to  the 
health  and  support  of  the  people. 

Now  I  fully  admit  the  truth  of  Mr.  Liipis's  observation  in 
9t  certain  degree^  but  I  do  not  conceive  that  it  iu  the  least 
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either  weakens  or  invalidates  my  former  propositions)  (viz.) 
That  there  was  no  country,  however  highly  it  may  be  favour- 
ed, which  can  produce  all  that  is  necessary  for  the  comfort, 
health,  protection,  and  security  of  its  inhabitants. 

I  will  here  confine  my  observations  to  our  own  countr\': 
at  the  same  time  I  am  confident  that  in  a  great  variety  of 
articles  such  observations  are  applicable  to  every  nation.     I 
believe  none  will  deny  that  this  country  is  highly  favoured, 
whether  v/e  consider  the  mildness  of  the  climate,  the  pro- 
ductiveness of  the  soil,  the  astonishing  improvements  in 
agriculture,  the  skill  and  persevering  industry  of  our  manu- 
facturers, the  enterprising  spirit  of  our  merchants,  &c,, — Yet 
with  all  these  how  Huujerous  are  our  wants  !   It  is  a  fact  well 
ascertained,  although  not  generally  known,  that  this  country- 
does  not  on  an  average   raise  as  much  corn  as  is  absoiutelv 
necessary  for  the  support  of  the  inhabitants.  When  this  is 
the  case,   it  would  certainly  be  worse  than  folly   to  occupy- 
any  part  of  the  land  v.'hich  is  proper  for  the  production  of 
corn  to  any  other  purpose.    How  are  we  to  procure  our  tlajc 
and  hemp?  the  consumption  of  which,  I  scruple  not  to  say, 
is  immense;  and  I  think  it  will  be  generally  admitted,   that 
the  various  purposes  to  which  linen  is  adapted  add  much^ 
very  much,  to  our  comfort,  in  almost  innunjerable  instances. 
Now  for  protection,  without  these  two  articles  what  would 
become  of  our  navy,  the  glory  and  boast  of  our  country,  as 
well  as  all  the  vessels  employed  in  commercial   concerns? 
But  this  is  not  all ;  for  even  in  wood  we  are  deficient,  parti- 
cularly for  masts,  as  well  as  some  other  kinds  needless  to 
mention.     Another  article  for  which  we  are  entirely  depen- 
dent on  foreign  supplies  is  gunpowder,  which  in  the  present 
state  of  the  world  (and  there  is  no  appearance  of  its  being 
better)  h  of  the  most  absolute  necessity.  Must  we  not  bring 
our  sulphur  from  abroad,  and  our  nitre  from  ahnost  the  ends 
of  the  earth?  I  turn  my  eyes  to  our  large  bleaching-grounds* 
Yvoin  whence  do  we  draw  the  principal  materials  for  cleaning 
and  whitening  our  linen,  by  v^-hich  means  it  is  rendered  fit 
for  all  the  various-purposes  to  which  it  is  adapted  ?   If  I  sur- 
vey our  more  extended  print-fields  in  all  their  various  de~ 
parttnents,  but  particularly  in  the  variety  of  those  colours 
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where  the  skill  of  the  artist  ahnost  rivals  the  blossoms  of 
Nature,  Must  we  not  procure  the  greater  part  from  other 
countries?  And  unless  the  present  order  of  the  universe  is 
changed,  no  human  art  can  cultivate,  tn  any  extent,  many 
of  the  dyeing-vt'oods,  and  many  other  articles  which  are  es- 
sentially necessary  in  our  manufactures.  Any  person  tole- 
rably conversant  with  these  branches  of  tradv  or  manufac- 
ture, will  easily  perceive  that  I  might  strengthen  my  argu- 
ment by  a  great  variety  of  observations  :  but  for  this  my 
own  time  will  not  admit;  besides,  it  would  be  occupying  too 
much  room  in  your  useful  JNliscellany. 

I  will  now  beg  leave  to  examine  how  far  this  country  can, 
or  actually  does,  produce  all  that  is  necessary  for  health.  As 
I  make  no  pretension  to  a  knowledge  of  the  materia  medica, 
I  will  confine  my  observations  to  such  articles  as  are  generally 
adaiitted  to  be  essentially  useful.  Bark  is  certainly  acknow- 
ledged to  be  of  very  extensive  utility.  But  from  whence  is  it 
procured? — from  a  far  country.  Opium,  however  n)uch  it 
mavbeabused, — (and  this  is  no  solid  argument  against  its  great 
usefulness,  indeed  I  am  apt  to  think,  that  in  all  the  more 
excruciating  pains  and  acute  diseases  to  which  the  hun)an 
frame  is  liable,  it  is  of  far  more  essential  benefit  than  any 
other  medicine) ; — even  this  commodity  we  have  to  procure 
from  a  distant  country.  Mercury  and  camphire  likewise  oc- 
cupy a  largespace  in  the  apothecary's  shop,  fndeed  I  am  apt  to 
think,  tfiatby  far  the  greater  part  of  the  medic'mes  at  present 
in  most  estimation  are  the  produce  of  other  countries  :  even 
wine,  in  a  medical  point  of  view,  is  in  many  cases  of  the 
greatest  utility. 

It  may  here  be  necessary  to  observe,  that  Mr.  Lapis  asks 
with  considerable  confidence,  How  long  an  English  brick- 
maker  could  support  himself  upon  wine  in  place  of  porter? 
I  never  meant  to  f^ay  that  wine,  as  a  conmion  beverage  to  a 
British  labourer,  was  preferable  to  good  English  malt  liquor. 
No  :  but  my  meaning  was,  that  it  was  a  very  useful  and  . 
often  a  very  necessary  article  j  that  the  high  duly  was  im- 
politic and  cruel,  as  depriving  all  the  lower  orders,  I  may  al- 
most add  all  the  middling  class  of  society,  of  that  which  in  a 
variety  of  circumstances  is  essentially  useful.     But  more  of 
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this  in  another  place.  After  the  enumerations  of  such  a 
variety  of  foreign  articles  (and  many,  very  many  more  might 
be  mentioned),  absohitely  necessary  in  this  country,  Am  I 
not  justified  in  saying  that  there  is  no  country  which  can 
produce  all  that  is  necessary  for  the  comfort,  health,  pro- 
tection, and  security  of  its  inhabitants  ?  Or,  in  other  words. 
By  having  a  reciprocal  intercourse  with  other  countries,  we 
make  our  security  more  strong,  we  increase  the  necessaries 
of  life,  we  enlarge  our  comforts,  we  multiply  our  pleasures, 
\ve  procure  more  means  of  preserving  health  and  of  mitiga- 
ting pain. 

But  Mr.  Lapis  brings  forth  another  argument,  which,  if 
founded  on  facts,  would  certainly  have  great  weight,  (viz.) 
That  if  any  country  did  not  produce  all  that  was  necessary 
for  the  health,  comfort,  &cc.,  of  the  inhabitants,  such  coun- 
try would  be  deserted,  or  no  inhabitant  would  reside  in  such  a 
situation.  Now  I  cannot  admit  the  truth  of  this  observa- 
tion ;  and  to  prove  the  contrary,  I  will  not  draw  the  atten- 
tion of  your  readers  lo  the  barren  wilds  of  Lapland,  or  the 
mountainous  forests  of  Norway,  or  some  more  distant 
countries. — I  will  confine  my  observations  nearer  home, 
where  the  facts  I  mention  can  be  more  easily  ascertained. 
Let  those  who  have  not  visited  the  Shetland  Islands,  only 
read  the  accounts  given  by  every  traveller.  The  inhabitants, 
with  a  few  exceptions,  are  in  a  state  of  inconceivable  wretch- 
edness ;  they  every  year  are  dependent  on  foreign  supplies 
for  meal,  and  the  distress  which  they  often  suffer  for  want 
of  this  article  is  great  in  the  extreme ;  they  cannot  be  said  to 
have  any  one  necessary  article  of  life  in  plenty  except  fish. 
The  making  of  kelp  is  the  staple  manufactory  ;  and  it  is 
principally  with  these  two  articles,  fish  and  kelp,  that  they 
procure,  as  far  as  they  can,  a  few,  and  but  a  very  few,  of 
the  most  common  necessaries  of  life.  Yet  Shetland  is  not  de- 
serted, its  inhabitants  are  as  much  attached  to  the  place  in 
which  they  live  as  the  people  who  are  placed  in  far  more 
favoured  situations.  Some  may,  hovvever,  suppose  that  this 
proceeds  from  their  knowing  no  better,  and  being,  from 
their  insular  situation,  cut  off  from  any  intercourse  with  the 
main  land.  I  will  not  at  present  stop  to  answer  this  objec- 
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tion,  (which  might  easily  be  done,)  but  pass  on  to  the 
Highlandsof  Scotland.  This  is  not  a  small  spot  detached  from 
the  rest  of  the  world,  but  a  large  district  above  200  miles  in 
length,  besides  the  very  numerous  islands  which  stretch 
along  the  west  and  northern  .shores  of  Scotland,  and  some 
of  them  of  very  considerable  extent : — the  island  of  Lewis 
is  50  miles  long  and  30  broad  ;  Sky  is  not  much  inferior  ; 
and  Mull  is  a  large  island.  The  general  api)carancc  pf  the 
main  land,  as  well  as  the  islands,  is  a  constant  succession 
of  rocks  and  mountains  ;  the  lower  grounds  are  very  much 
covered  with  black  peat,  or  moss  and  heath,  which  ia 
Scotland  is  called  heather:  the  Inhabitants,  with  a  very  few 
exceptions,  live  in  huts  (for  houses  they  cannot  be  called) 
without  either  window  or  chimney.  I  will  not  stop  to  enu- 
merate the  many  distresses  to  which  they  are  liable;  suffice 
it  to  say,  the  privations  they  suffer  are  often  great  in  the  ex- 
treme, yet  their  attachment  to  the  soil  is  stronger  than  that 
of  any  people  I  have  ever  had  intercourse  with  :  nothing  but 
force  or  the  most  pressing  wants  will  induce  a  Highlander  to 
leave  his  country.  Nor  can  his  ignorance  of  more  pleasant 
and  much  more  comfortable  situations  be  argued  as  the 
cause  of  his  altnchmcnt : — the  whole  eastern  coast  of  Scot- 
land is  in  a  state  of  very  considerable  improvement;  the 
inns  on  all  the  principal  loads  are  good  ;  agriculture  is  in  a 
state  of  great  forwardness.  It  is,  however,  needless  here  to 
give  a  particular  description  of  the  country,  any  further  than 
to  point  out  that  the  difference  between  the  eastern  and 
western  coasts  of  Scotland  is  great  beyond  all  conception, 
but  to  those  who  have  visited  both  districts  :  as  the  one  runs 
close  parallel  to  the  other,  the  Highlander  has  constant  op- 
portunities of  seeing  those  more  favoured  situations;  yet  he 
prefers  his  bleak  mountains  and  smoky  hut,  to  the  fine  cul- 
tivated fields  and  comfoilable  houses  of  the  Low  Countries. 

Upon  the  whole,  as  far  as  I  have  experienced,  as  well  as 
from  the  information  of  -others,  I  am  clearly  of  opinion, 
that  the  inliabitants  of  the  more  barren  parts  of  this  world 
arc  more  attached  to  their  situation  than  the  people  who  live 
where  Nat'ue  is  much  more  bountiful.  I  will  not  at  present 
attempt  to  account  for  this  propensity:  I  only  :Uate  the  iact 
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as  I  have  found  it:  at  the  sanie  tinie  it  has  often  excited  my 
surprise,  and  engrossed  much  of  ray  attention. 

To  answer  the  remaining  ohjections  of  your  very  candid 
and  agreeable  correspondent,  and  to  properly  illustrate  the 
remaining  parts  of  my  former  Essay,  would  require  more 
time  than  I  can  at  present  spare  from  my  other  avocations. 
Should  this  merit  a  place  in  your  very  useful  and  instructive 
Magazine,  you  will  hear  again  from, 

Sw,  vour  most  humble  servant, 

Berwick,  J.AMES  Gr.AHAM.' 

Koveniber,   1808. 


XL.  On  the  Means  employed  in  Spain  for  the  Curt  of 
Hydrophobia. 

To  Mr.  Tilloch, 

IVjLy  present  object,  is  to  call  the  attention  of  our  medical 
gentlemen  to  a  remedy,  which,  it  is  said,  has  been  tried  in 
Spain  with  success.  This  remcdv  is  given  by  Fisher,  in  his 
Picture  r)f  Valentia,  on  the  authority  of  Cavanilles  ;  and  as 
the  whole  chapier  on  the  subject  is  curious,  I  shall  tran- 
scribe it: 

*'  The  inhabitants  of  the  district  of  Hoya  dc  Castalla,  in 
the  f:outhern  part  of  the  province  (of  Valentia),  possess  an 
excellent  remedy  against  the  bite  of  the  viper,  compos-d 
of  the  sea  holly  {Eryngium  cavipestre) ,  viper's  bugloss 
{Echium  viitgare).,  madwort  {Alyssum  spinosion),  and  Cre- 
tan balm  {Melissa  cretica'-^),  in  the  following  manner  : 

"  The  plants  are  taken  when  they  are  beginning  to  run  to 
seed,  and  dried  in  the  shade  till  all  their  humidity  is  eva- 
porated. On  this,  each  is  pounded  separately,  the  powder  is- 
passed  through  a  hair  sieve,  mixed  in  equal  parts,  and  put 
away  in  well-corked  bottles.  It  is  to  be  observed,  that  none 
of  the  roots  must  be  emploved  except  those  of  the  sea-holly, 
which  possess  very  great  strength. 

*  Under  this  name  the  plant  is  described  by  some  botanists,  and  among 
tlie  rest  by  Lamarck  ;  but  Cavanilles  proves,  from  the  structure  of  the  calyx 
and  other  circumstances,  that  it  is  properly  the  Nepeta  maiifolia.  See  Anales 
de  Ciencas  Nattn-alef,  Svo,  Madrid  iS08,  No.  Y,  p.  192. 

Vol.  32.  No.  127.  Dec.  1808.  S  ''  With 
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""With  respect  to  the  u>*e  of  this  remedy,  it  is  Indispensa* 
bly  necessary  that  it  should  be  administered  immediately  aher 
the  infliction  of  the  wound.  The  common  dose  fur  a  man 
is  one  scruple,  for  a  dog  a  drachm,  and  the  vehicle  used  for 
both  is  wine  or  water.  No  particular  diet  need  be  observed, 
only  the  powder  must  be  taken  morning  and  evening  for 
nine  days  successively. 

*'  From  time  immemorial  the  inhabitants  of  this  district 
have  made  use  of  this  powder  as  a  specific  tor  the  bite  of 
vipers  with  universal  success,  till  at  length  the  celebratej 
Cavanilles  resolved  to  try  its  effects  ag-iinst  the  bite  of  mad 
dogs.  He  lost  no  time  in  communicating  his  ideas  to  the 
physicians  and  medical  men  in  the  province,  and  had  the 
satisfaction  to  see  that  his  philanthropic  views  were  produc- 
tive of  the  happiest  results. 

**  ThuSj  for  instance,  at  the  farm  de  los  Puchols,  in  the 
district  of  the  little  town  of  Sierra  den  Garceran,  a  man  of 
sixty  named  Miguel  Puig,  and  a  boy  twelve  years  old  named 
Vito  Sorella,  were  in  January  1796  bitten,  the  one  on  the 
hand,  the  other  on  the  check,  in  such  a  manner  that  both 
lost  a  considerable  quantity  of  blood.  The  physicia  '  of  the 
place,  Don  Bias  Sales,  was  not  sent  for  till  three  days  after 
the  accident :  he  nevertheless  resolved  to  try  the  powder, 
which  produced  effects  that  surpassed  his  expectation. 

*'  In  fact,  the  two  patients  perfectly  recovered  of  the  bites, 
without  manifesting  the  slightest  symptoms  of  hydrophobia, 
till  the  present  time  1802,  and  during  an  interval  of  six 
years  not  the  least  alteration  has  been  observed  in  their 
health.  The  actual  madness  of  the  dog  seems  to  have  been 
fully  proved  ;  for  several  goats  and  sheep  which  were  like- 
wise binen  by  him  died  in  40  days,  with  all  the  signs  of  the 
most  comp.lete  hydrophobia. 

*'  In  179P,  at  the  village  of  Tornefa,  in  the  district  of  the 
same  town,  a  man  of  fifty-live  named  Francisco  Baset,  his 
daughter  Manuela  Basel  agtstl  twentv- three,  and  aninht-r 
inan  named  .loacpiin  F mro,  were  bitten,  the  two  former  on 
the  hand,  and  the  later  on  the  middle  finger.  Basel  and 
his  daughter  immediately  .Tpp'ied  to  Don  Thomas  Sabater, 
the  surgeon  of  their  village,  who  furnislied  them  with  pow- 
ders 
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ders  sufficient  for  nine  days.  On  the  contrary,  Fauro,  who 
lived  at  another  village,  looked  upon  his  wound  as  a  mere 
trifle,  and  took  no  further  notice  of  it. 

"  What  was  the  consequence  ?  Basel  and  his  daughter 
were  perfectly  cured,  and  have  for  these  three  years  expe,- 
rienced  not  the  least  alteration  in  their  health  ;  whereas  the 
unfortunate  Fauro  died  sixty  days  after  the  accident,  with 
all  the  symptoms  of  the  most  confirmed  hydrophobia. 

*'  Another  dog  in  Sierra  den  Garceran  had  bitten  several 
other  dogs,  pigs,  8cc,  The  powder  was  administered  to 
some  of  them  for  eleven  successive  days;  and  till  the  present 
moment,  during  the  space  of  nearly  two  yetirs,  no  ill  conse- 
quence whatever  has  been  observed.  All  the  animals  to 
whom  the  powder  was  not  given  died  raving  mad  in  25 
days. 

"  One  dog  to  which  it  was  found  impossible  to  administer 
more  than  four- doses,  did  not  go  mad,  but  fell  into  a  kind 
of  lethargy,  and  refused  to  eat ;  till  at  length  he  died  on  the 
sixteenth  day,  but  without  any  of  the  symptoms  of  actual 
hydrophobia. 

"  So  much  for  the  experiments,  with  a  remedy,  which, 
as  far  as  I  know,  has  never  been  included  among  the  six  or 
seven  medicines  for  preventing  the  consequences  of  the  bite 
of  mad  dogs.  It  seems,  however,  to  be  so  much  the  more 
deserving  of  the  attention  of  the  physicians  of  every  country, 
as  its  efficacy  against  the  venom  of  the  yipcr  is  fully  con- 
firmed by  the  experience  of  ages. 

**  At  the  moment  these  sheets  are  going  to  press,  I  find 
from  the  Spanish  Journals,  that  this  powder  has  likewise 
been  tried  at  Madrid  with  complete  success." 

In  its  present  state,  all  that  can  be  done,  is  to  express  a 
sincere  wish  that  it  may  be  found  to  answer  the  desired 
cflcct  ;  and  I  remain,  Sir,  yours,  he. 

E.  S.  T. 
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XLT.  A  Description  of  the  Apparatus  hy  whic/i  the  French 
Experiment  on  the  Decomposition  of'  Potash  has  been  made 
at  the  Royal  Institution* . 

J.  HIS  apparatus  (see  Plate  VII.)  consists  of  a  commotx 
gun-banel  curved,  to  which  there  is  adapted  an  iron  tube 
of  the  capacity  of  two  cubic  inches  for  the  potash.  At  the 
bottom  of  this  tube  is  a  very  small  hole,  through  which  the 
potash  gradually  flows. 

In  this  experiiTi^nt,  the  iron  turnings  are  first  heated  to 
whiteness  ;  the  potash  is  then  slowly  fused,  and  flows  on 
the  turnings,  where  it  is  decomposed,  and  its  base  is  found 
condensed  near  the  other  extremity  of  the  barrel, 

The  proportions  from  which  the  best  results  have  beei^ 
obtained,  are  about  2v  parts  of  iron  turnings,  to  If  parts  of 
potash. 

In  order  to  the  complete  success  of  this  experiment,  some 
precautions  are  necessary.  The  whole  of  the  apparatus 
should  be  perfectly  dry,  clean,  and  impervious  to  air  j  the 
turnings  free  from  oxidation,  and  the  potash  very  dry;  which 
Jast  is  effected  by  heating  nearly  to  redness.  Pure  or  cry- 
stallized potash  in  its  usual  state  of  dryness  contains  a  suf- 
ficient quantity  of  water  to  occasion  the  failure  of  the  expe- 
riment. The  tube  containing  the  potash  should  be  surround- 
ed by  ice  until  the  turnings  arc  white-hot ;  and  that  part  of 
the  barrel  where  the  potassium  sublimes,  should  also  be  kept 
cool  during  the  whole  of  the  process.  The  barrel  must  be 
carefully  luted.  It  is  proper  to  exarnine  the  lute  after  it  has 
been  exposed  to  a  red  heat,  in  order  to  repair  any  cracks 
which  the  fire  may  have  occasioned.  A  tube  of  safety  with 
a  little  mercury  or  naphtha  should  be  cemented  to  the  bar- 
rel, to  prevent  the  connnnnication  of  the  external  air. 

At  the  commencement  of  the  decomposition,  hydrogen 
gas  is  evolved,  and  continues  to  come  over  during  the  whole 
of  the  process.     Towards  the  end  uf  the  experiment  a  very 

•  For  this  communication,  which  will  prove  higlily  acceptable  to  many 
f)f  our  readers  we  are  indebted  to  Mr.  L.  Davy,  a  cousin  of  the  professor, 
-tud  a  very  promiiin^  young  chemist. 

intense 
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intense  heat  should  be  continued  for  some  minutes  to  drive 
off  the  Kxit  portions  of  potassium  which  adhere  to  the  turn- 
ings with  great  obstinacy. 

Explanation  of  the  Plate. 
A  The  iron  tube  containing  the  potash. 
B   The  stopper,  ground  air-tight. 
C  The  central  situation  of  the  iron  turnings. 
D  The  furnace. 
E   The  tube  of  safety. 
F   The  pipe  of  the  bellows. 


XLir.  Description  of  an  Apparatus  for  the  Analysis  of 
the  Compound  Injlammalle  Gases  by  Slow  Comhustion  ; 
with  Experiments  on  the  Gas  from  Caul,  explaining  its 
Application.  Uy  William  Henry,  i\/.  D.  Fice-Pres. 
of  the  Lit.  and  Phil.  Society,  and  Physician  to  the  I?i- 
finnary,  at  Manchester.  Cormnunicated  by  H.  Davy, 
Esq.  Sec.  R.  S.*" 

JL  HE  aeriform  compounds;  of  hydrogen  and  carbon,  which 
were  already  entitled  to  accurate  investigation,  as  objects  of 
scientific  research,  have  derived  an  additional  claim  to  the 
attention  of  the  chemist,  from  their  applrcation  to  an  import- 
ant ceconomical  purpose,  described  in  a  late  communica- 
tion to  the  Royal  Society  f-  Yet  there  is,  perhaps,  no  part 
of  chemistry,  the  investigation  of  which  is  beset  with  greater 
difficulty,  or  with  more  numerous  sources  of  error  ;  inso- 
much, that  the  actual  state  of  the  science  enables  us  to  at- 
tain scarcely  more  than  approximations  to  the  truth,  and  de- 
grees of  probability  of  greater  or  less  amount.  It  was  the 
object  of  the  experiments,  which  are  described  in  the  follow- 
ing pajTcs,  rather  to  remove  some  of  the  obstacles,  which 
present  themselves  to  a  successful  inquiry  into  the  nature  of 
these  bodies,  than  to  acquire  such  facts,   as  may  enable  the 

*  From  Philosophical  TraiisactiMis  for  1808.    Part  II. 
f  See  Mr.  Murdoch's  paper,  p,  121.;  and  PhU.Mag.  p.  113—119  of  this 
volume. 

B  3  chemical 
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chemical  philosopher  to  decide  the  controverted  question  re- 
ijpecting  their  composition.  Resuhs,  .sufficiently  nniltipli- 
ed  and  precise  lor  tliis  purpose,  would  require  a  larger  ap- 
propriation of  time,  than  I  have  the  prospect  of  heing  able 
to  bestow  ;  and  I  can  onlv,  on  the  present  occasion,  offer  an 
example  of  the  method  in  which  it  appears  to  me  that  the 
analysis  of  ihis  chss  uf  substances  will  be  most  Fuccessfally 
atteujpied. 

When  a  vegetable   substance,   composed  (as  may  be  as- 
sumed to  simplify  the  statement)  of  oxygen,  hydrogen,  and 
carboa,  united  in   the  form  of  a  ternary  compound,  is  sub- 
mitted to  distilkitiuft,  at  a  temperature  not  below  that  of  ig- 
nition, the  equilibrium  of  affinities,  which  constituted  the 
triple  combination,  is  destroyed  ;  and   the  elements,  com- 
posing it,  are  united  in  a  new  manner.     Those,  which  are 
disposed   to  enter    into    permanently   clastic   combinations, 
escape  in  the  state  of  gas.     The   carbon,  uniting  with  oxy- 
gen, either  composes  carbonic  acid  gas,  or^  stopping  shorS 
of  that  degree  of  oxygenation  which  is  essential    to  change 
it  into  an  acid,  is  converted  into  carbonic  oxide.     The   hy- 
drogen, con)bining  with  a  portion  of  carbon,  constitutes  a 
binarv  compound  uf  those  two  ingredients,  forming  either 
xvhat    has  been   called  carluretcd  hydrogen  gas,  or  super- 
carbureted  hj/drogen^  better   known   by  tlie  appellation  of 
olefiant  gas.     Towards  the  close  of  the  process,  a  portion  of 
sin)ple  hydrogen  gas  is  also  ntingled  with  the  products.  Per- 
haps in  no  instance  is  any  one  of  the  gases,  which  have  been 
enumerated,  obtained  perfectly  pure,  by  the  distillation  of  a 
vegetable   substance.     'J'he  aeriform   fluids,  which  arc  thus 
generated,  are  found  to  be  possessed  of  almost  every  degree 
of  specific  gravity;  and  to  yield,  by  combustion,   extremely 
different  results,  according  to  the  temperature  at  which  they 
have  been    formed ;  the  stage  of  the  process  at  which  they 
have  been  separated  ;  and  other  modifying  circumstances.  It 
becomes  an   interesting  question,  whether   these   gases,  so 
much  diversified  in  their  physical  and  chemical  properties,  arc 
mixtures  of  a  few  binary  compounds,  with  which    chemists 
are  already  acquainted  ;  or  whether,    on  the  contrary,  their 
elements  are  capable  of  uniting  in  indefinite  proportions,  and 
e  of 
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oFcomposing  ternary  compounds  of  oxygen,  hydrogen,  and 
carbon,  or  varieties  o^  oxy- carbureted  hydrogen.  It  would 
encroach  too  much  on  the  time  of  the  Royal  Society,  to  enter 
upon  this  controversy.  And,  as  neither  opinion  admits,  at 
present,  of  demonstrative  evidence,  I  may  be  permitted,  in 
explaining  tl)e  following  experiments,  to  assume  that  theory 
which  appears  to  me  most  probable  ;  viz.  that  the  aeriform 
products  of  thedistillation  of  vegetable  substances,  are  mix- 
tures of  carbonic  acid,  carbonic  oxide,  olefiant,  carbureted 
hvdrogen,  and  simple  hydrogen  gases  ;  or  of  two  or  more  of 
these  in  various  proportions. 

The  analvsis  of  these  compound  gases  has  hitherto  been 
attempted  solely  by  their  rapid  combustion  with  oxygen 
gas,  in  the  fallowing  manner  :  a  mixture  of  the  infiam- 
mable  gas  with  oxygen  gas  in  known  proportior^s,  is  ad- 
mitted into  a  Volta's  eudiometer,  inflamed  over  mercury  by 
the  electric  spark  ;  and  the  diminution  ascertained.  To  the 
remainder  caustic  potash  or  lime-water  is  added,  by  which  il 
sustains  a  second  diminution  of  bulk  ;  and  the  amount  of 
this  denotes  the  quantity  of  carbonic  acid  formed  by  the 
combustion.  The  quantity  of  nitrogen  gas,  in  the  oxygen 
employed,  as  well  as  in  the  residue  left  by  pola^h,  being  de- 
termined by  a  fit  eudiometrical  test,  it  is  easy  to  infer  what 
quantity  of  oxvgen  has  been  absorbed  by  the  detonation.  And 
as  it  is  proved  that  oxygen  gas  sustains  no  change  of  bulk  by 
conversion  into  carbonic  acid,  we  may  conclude  that,  after 
deducting  from  the  volume  of  oxygen  gas  expended,  ihat-.^f 
the  carbonic  acid  which  haa  bt?en  formed,  the  remaining 
number  shoxys  how  much  oxygen  has  bven  employed  in  the 
saturation  of  hydrogen.  If,  for  example,  100  measures  of 
carbureted  hydrogen  consume  200  of  oxygen  gas,  anJ  give 
100  of  carbonic  acid,  it  follows,  that  the  carbonic  acid  bold* 
in  combination  100  measures  of  the  oxvgen  gas  consumed  ; 
and  that  the  remaining  hundred  have  been  ap|)lied  to  the  sa- 
turation of  hydrogen.  In  this  esimiate  it  is  assun)ed,  that  the 
carbon  has  acquiTed,hycombusti'Mi,  the  whole  of  ihe  oxygen 
necessary  for  its  acidification, and  that  nopartofit  existed  pre- 
viously in  the  state  of  carbonic  oxule;  a  proposition,  in  nsany 
cases,  perhaps,  very  f^r  from  In mg  cousistent  with  the  truth. 
S  4  This 
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'J'his,  however,  admits  of  being  decided  by  an  accurate  com- 
})arison  between  the  weight  of  the  gases  consumed  and  that 
of  the  products. 
7  For.  the  purpose  of  obtaining  a  general  approximation  to. 
the  nature  of  a  conibu?;i!j!e  gis,  it  may  be  sufficient  to  exa- 
mine its  coincidence  wiili  tliosc,  the  properties  of  which  have 
been  already  deteranned.  The  following  table  exhibits  the 
results  of  the  combustion  of  the  few  gases  that  appear  en- 
titled to  be  considered  as  distinct  species.  They  are  deduced 
from  the  experiments  of  Mr.  Cruikshank  and  Mr.  Daltou. 


Kind  of  Gas. 


Olcfi.iiit       .         .         -         ' 
Carboiiizwt  liydrogcn,froni  1 
stiignant  water,  ^ 

C,arl)onic  oxide     - 
Hvdrojre'i  sjii"!      -        -         - 


lUO  measures.                  | 

Sp.  Orav. 
lit- =1000.) 

Take  nieas. 
of  oxygen. 

Givecarb- 
acid. 

Are  dimin. 

by  firing. 

'200 
200 

154 

900 

GOO 

9r,~ 
84 

r,oo 

200 

4:; 

50 

2(X> 

UX) 

90 

The  inflammability  of  the  compound  gases,  and  their  fit- 
ness for  the  purpose  of  afiording  light,  are  directly  projior- 
1  innate  to  the  quantity  of  oxygen  required  for  their  saturation. 
'J"he  olefiant  gas,  therefore,  burns  with  the  greatest  brilliancy; 
carbureted  hvdiogen  gas, though  inferior,  afibrds  a  dense  and 
compact  flame;  but  the  carbonic  oxide  and  hydrogen  gas  are 
eiitirelyunfit  to  be  employed  as  the  means  of  artificial  illumi- 
nation. 

Irt  the  execution  of  a  series  of  experiments  o\\  the  com- 
pound combustible  gases,  which  arc  described  in  the  11th 
volume  of  Mr.  Nicholson's  PhilosophicalJournal,  I  had  rea- 
son to  be  dissatisfied  with  the  above  method  of  effecting 
ihcir  decomposition,  and  to  distrust  the  results  which  were 
obtained.  The  products  of  the  combustion  of  the  same 
f^as  varied  considerably  in  different  experiments  :  and,  with 
respect  to  some,  it  was  evident  that  the  full  proportion  of 
their  carbonaceous  ingredient  was  not  oxygenized,  in  con- 
sequence of  the  precipitation  of  charcoal  in  the  act  of  de- 
tonation. The  quantities  also,  that  can  be  submitted  in 
this  way  to  experiment,  are  extremely  minute  ;  and  the  in- 
flannnatiou  of  highly   combustible  gases,  is  attended,  as  I 

:.   . .]  have 
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have  more  than  once  experienced,  wi.th  considerable  danger 
from  the  bursting  of  the  glass  tubes.  It  was  desirable,  there- 
fore, to  employ  a  process  not  HabJe  to  these  objections  ;  and 
after  many  alterations  of  the  apparatus,  contrived  with  this 
view,  I  at  leijgth  fixed  upon  one,  which  I  shall  now  proceed 
lo  describe. 

The  principal  parts  of  the  apparatus  arc  two  glass  cylinders, 
or  air  receivers*',  ^'/' and  oo  (Pl.Vl.),  of  which  the  larger  one 
is  intended  to  contain  oxygen  gas,  and  the  smaller  one,  the- 
inflanmiable  gas  submitted  to  exjieriment.  They  arc  con- 
nected by  a  bent  glass  tube  5  ^,  thediameter  of  which  should 
not  be  less  than  ---^  of  an  inch,  to  the  upper  extremity  of 
v/hieh  is  cemented  an  iron  burner,  t,  the  orifice  of  which 
is  about  yV  of  an  inch,  while  to  the  lower  end  a  socket  is 
fixed,  on  which  may  be  occasionally  screvi^ed  the  cock  r. 
The  receiver  o  o  is  contained  in  a  larger  glass  jar  n  n,  and  is 
closed  at  the  top  by  a  brass  cap  /?,  and  stop  cock  q.  The 
oxvgen  gas  receiver  is,  also,  closed  by  a  brass  cap  e  and 
cocky",  the  lower  orifice  of  which  is  tapped  internally,  for 
the  purpose  of  receiving  a  small  screw  at  the  end  of  the 
copper  wire  g.  This  wire  is  in  two  parts,  each  of  which 
screws  into  a  moveable  socket,  connecting  the  two  ;  and,  by 
this  contrivance,  the  wire  may  be  lengthened  or  shortened 
at  pleasure.  To  prepare  the  apparatus  for  use,  the  receiver 
oo  is  partly  filled  with  the  combtistible  gas  ;  and  is  secured 
by  wedges  of  cork  vv,  in  the  jar  n?i,  the  level  of  the  water 
in  the  latter  being  regulated  by  opening  the  cock  x  or  x. 
The  bent  pipe  ss,  with  its  cock  r,  is  screwed  upon  the  top 
of  the  receiver,  and  partly  immersed  in  the  water  of  a  pneu- 
matic cistern,  Gfl,  so  that  the  orifice  of  the  burner  may  rise 
a  few  inches  above  the  surface  of  the  water.  The  receiver^-  b 
detached  from  the  situation  in  which  it  is  represented  in  the 
drawing,  is  then  exhausted  "by  an  air  pump;  and,  being 
Tilled  with  oxygen  gas,  is  transferred  (its  mouth  being  closed 
during  the  act  of  removal  with  a  piece  of  leather)  to  the 
cistern   a,  and   quickly   inverted    over   the  burner  /.     By  a 

*  I  am  indebted  to  Mr.  H.  CreiglUon,  of  Soho,  not  owly  for  a  drawing  o: 
tbe  apparatus;  but  fur  much  valuable  assistance  inthe  performaaceof  the  cs- 
perimenfs. 

little 
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little  practice,  this  may  be  done  with  the  admission  of  very 
litile  common  air.  A  transferring  vessel  is  then  screwed 
upon  the  cock  J' ;  and  a  pjortion  of  oxygen  gas  removed  for 
eiidiometrical  examinaiion.  To  allow  room  for  the  ex- 
pansion of  the  oxygen  gas,  the  water  is  raised  by  a  syphon 
to  a  proper  height  v\ilhin  the  receiver/',  as  appears  in  the 
drawing. 

The  apparatus  being  thus  disposed,  the  cocky  is  connect- 
ed by  the  chain  h,  with  the  prime  conductor  of  an  electrical 
machine  ;  and  a  rapid  succession  of  sparks  is  niade  to  pass 
between  the  copper  ball  at  the  end  of  the  wire  g,  and  the 
orifice  of  the  burner.  The  cocks  q  and  r  being  now  opened, 
the  stream  of  gas  is  kindled  ;  and  in  order  to  prevent  the 
flame  from  plaving  upon  the  wire,  the  jar  n?i  is  moved  a  lit- 
tle nearer  to  the  cistern  a,  which  brings  the  point  of  the 
burner  into  the  axis  of  the  receiver.  At  the  same  lime,  by 
opening  the  cock  x,  water  falls  into  the  jar  nn,  and  finds  its 
way  into  the  receiver,  tljrough  two  small  holes  iv  w  drille<i 
near  its  mouth. 

The  comba?tion  continues,  until  cither  the  whole  of  the 
inflammable  gas  is  consumed,  or  till  the  cocks  g  and  r  are 
shut.  'J'he  wedges  fy  are  removed;  the  receiver  oo  un- 
screwed;  and  the  bent  tube  removed  from  its  place,  li  it 
at  this  moment  that  the  cock  r  is  useful,  by  preventing  the 
escape  of  the  gas  from  the  receiver  b  through  the  tubes  s  s. 
The  upper  part  of  the  receiver  is  cooled  by  the  application  of 
a  wet  sponge.  Without  waiting,  however,  till  the  gas  has 
attained  the  temperature  of  the  atn)^.sphcre,  a  very  small  and 
sensible  thermometer  is  introduced  into  it  ;  and  the  height 
of  the  mercury  is  noted,  as  soon  as  it  becomes  stationary. 
The  volume  of  the  residuary  gas  is  then  observed,  and  is  re- 
duced by  calculation,  to  the  bulk  which  it  would  occupy  at 
60^  of  Falirenheit.  Either  the  whole,  or  an  aliquot  part  of 
it,  is  removed  by  a  transferring  vessel,  screwed  upon  the 
cock/,  to  a  mercurial  cistern,  where  the  proportion  of  car- 
bonic acid  is  determined  by  liquid  potash.  The  proportions 
of  oxvgen  and  nitrogen  gases,  in  the  unabsorbed  residue,  are 
lc*ned  by  agitation  with  sulphuret  of  lime,  observing  the 
precautions  which  have  been  stated  by  De  Marti.     The  re* 

siduary 
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«iduary  oxygen  being  deducted  from  the  quantity  at  the  out- 
set of  the  experiment,  shows  how  much  oxygen  has  been  ex- 
pended in  the  combustion  of  the  inflammable  gas.  It  is 
scarcely  necessary  to  observe,  that  the  gases  are  carefully  re- 
duced, a*  each  stage  of  the  operation,  to  a  mean  temperature 
and  pressure,  (CO''  of  the  thermometer,  and  30  inches  of  the 
barometer)  *. 

The   process   of  combustion,  as  thus  stated    in   general 
terms,  appears  sufficiently  simple.  It  is  often,  however,  ren- 
dered  complicated  by  the  imperfect  combustion  of  the   in- 
fiammable  gas,  a  part  of  which  escapes  ihrouii;h    the  orifice 
of   the   burner,  either   wholly    unaltered,  or  only  partially 
burned.     As  this  portion    is   not    absorbed    by  sulphuret  of 
lime,  it  gives  a  fallacious  appearance  of  an  actual  addition  of 
nitrogen  lo  the  oxygen   gas  remaining  in  the  receiver  b.     I 
am  unacquainted  with  any  method  of  entirely  obviating  this 
difficulty  ;  but  its  amount  mav  be  diminished  by  an  attention 
to  certain  precautions.    With  this  view,   the   pressure  upoti 
the  gas,  contained  in  the  receiver  o  o,  should,  on  first  open- 
ing the  cocks  q  and  r,  be  no  more   than  is    sufficient  for  its 
gentle  expulsion  through  the  tube  5, s.   When^  however,  the 
stream  is  once  kindled,  the  larger  the  flame,  and  the  more 
active  the  combustion,  within  certain  limits,  the  more  com- 
pletely is  the  gas  consumed.     It  is  necessary,  also,    to  slop 
tlie  combustion,  before  it  is  rendered  languid   bv  the  admix- 
ture of  carbonic  acid  with  the  gas  in  the  receiver  ^,  and  bv 
the  diminished  ptirity  of  the  i)xygen  gas.     If  this  be   not 
attended  to,  a  large  proportion  of  the  inflamnuible  gas  to- 
wards the  close  of  the  process,  makes  its  escape  unaltered  into 
the  receiver  h.  In  general  I  have  Knind,  that  se.ttiny;  out  with 
oxygen  gas  ef  equal  parity,  the  more  con)bustible  the  inflaiii- 
niable  gas  subnutted  to  experiment,  the  more  complete  is  its 
decomp(^sition  by  slow  combustion.     The  apparatus,  there- 
fore, is  better  adapted  to  the  analysis  ofolefiant  gas,  of  car- 
bureted hydrogen  gas,  or  of  mixtures  of  these  two,  than  af 
carbonic  oxide,  or  any  gas  of  which  that  oxide  forms  a  larne 
proportion. 

"■  The  rules  observed  in  these  caJculatloDS,  are  stated  in  my  Epitome  of 
Chemistry,  oth  ediiion,  p  441. 

The 
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The  iaflammable  ^as,  which  has  found  its  way  into  the 
receiver  h,  is  always  present  in  too  minute  a  quantity  to 
compose,  with  the  residuary  oxygen,  after  the  removal  of 
the  carbonic  acid,  a  mixture  capable  of  being  inflamed 
by  the  electric  spark.  To  ascertain  its  precise  quantity,  it 
is  r^ecessary  to  have  recourse  to  ;uiother  operation.  After 
tryinsf,  eudiometrically,  the  quality  of  an  aliquot  part  of 
the  gas  in  the  receiver  b,  let  a  similar  aliquot  part  be  cte- 
prived  of  its  carbonic  acid,  and  then  mixed  with  a  portion 
of  pure  hvdrogen  gas,  not  exceeding  one-third  or  one- 
fourth  the  estimated  bulk  of  the  oxygen  which  it  contains. 
Detonate  the  n)ixture,  and  observe  the  amount  of  the  di- 
minution after  the  explosion  ;  the  products  of  the  com- 
bustion )  and  the  quantity  of  oXygen  gas  consumed.  After 
subtracting,  from  the  total  expenditure  of  oxygen,  half  the 
bulk  of  the  addt-d  hydrogen  gas,  the  remaining  number  shows 
how  much  oxygen  has  been  absorbed  by  the  combustible 
gas  contained  in  the  residue.  By  the  rule  of  proportion, 
it  may  be  determined,  how  much  carbonic  acid  would  have 
been  produced,  by  the  oxygenation  of  the  whole  of  the 
combustible  gas,  and  what  quantity  of  oxygen  it  would  have 
saturated. 

The  most  obvious  objection  to  this  method  of  analysing 
the  compound  gases  is,  that  the  real  proportion  of  the  pro- 
ducts, resulting  from  their  combustion,  may  perhaps  be 
disguised,  in  consequence  of  the  absorption  of  a  part  of  the 
carbonic  acid  by  tlic  water,  over  which  the  experiment  is 
made.  By  frequent  trials,  however,  I  find  that  this  is  a 
source  of  error  too  trivial  to  be  deserving  of  consideration  ; 
and  that  the  proportion  of  carbonic  acid,  thus  generat- 
ed, exceeds  what  is  composed  by  the  rapid  combustion  of 
the  same  gas  over  mercury.  When  the  operator  has  ac- 
quired sufficient  dexterity,  the  interval  of  time,  between  the 
completion  of  the  conibustion  and  the  admeasurement  of 
the  residue,  is  too  snjall  to  allow  an  absorption  to  any 
notable  amomit.  It  must  be  observed,  also,  that  the  car- 
bonic acid  constitutes  only  a  small  part  of  the  residue  ;  and 
is,  for  that  reason,  very  little  acted  on  by  water,  conformable 
to  a  principle  which  I  have  explained  in  the  Philosophical 

Trans- 
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Transactions  for  1S03,  p.  274.  f  believe^  therefore,  thjit 
with  an  attention  to  those  observances,  which  are  required 
in  ail  delicate  experiments  on  gases,  and  to  the  changijig  clr" 
cumstances  of  temperature  and  pressure,  this  apparatus  is 
fully  adequate  to  the  purpose  for  which  it  is  intended.  It  will 
be  easy,  however,  for  those  who  have  the  command  of  a  suf- 
ficient quantity  of  mercury,  to  adapt  the  apparatus  to  that  fluid. 
As  an  exemplification -or  the  methuti  of  using  it,  in  the  sim- 
j)lest  possible  case,  I  shall  state  the  results  of  the  combustion 
of  hydrogen  gas. 

At  the  outset  of  the  experiment,  there  was  gontainedin  the 
receiver  oo,  a  quantity  of  hydrogen  gas,  equal,  when  reduced 
to  a  mean  temperature  and  pressure,  to      15*8  cubic  inches. 

Of  these,  there  remained  unconsumed     2*5 

Hydrogen  gas  burned     -         -         -     13-3 

In  the  receiver  b  were  49  cubic  inches  of  oxygen  gaS,  con«» 
sisting  of  -  -  -  -  33*5  oxygen.  15-5  nitrogen. 
At  theclose  of  the  experiment,^ 

thereremained,  in^',43"  jc.?'.  S.27'25  16-25 

composed  of  J 


Cubic    inches  of  oxygen   gas")     ^ 

consumed  j 

Bui. estimating  from  the  first  diminution  (viz.  49  —  43  :  5) 
cnly  5-5  cubic  ineiits  of  oxygen  would  appear  to  have  been 
absorbed ;  and  ihc  nitrogen  gas,  by  eudiomctrical  experi- 
ments, would  seem  to  have  been  increased  0*75  of  an  inch. 
As  the  hydrogen  gas,  however,  had  been  prepared  from 
zinc  and  sulphuric  acid  with  extreme  caution,  and  did  not 
contain  an  appreciable  quantity  of  corrjmon  air,  no  such 
addition  of  nitrogen  could  have  taken  place.  The  apparent 
increase,  then,  may  be  fairly  imputed  to  ihq  escape  of  0*75 
of  an  inch  of  hydrogen  gas,  which  is  to  he  deducted  from 
the  13'3  cubic  inches  at  the  outset  of  the  experiment  :  and 
hence  the  real  quantity  consumed  will  l^e  13'3— 0*75=  12*55, 
The  true  consumption,  also,  of  oxygen  gas  was  5'50  +  0'75 
=:6-'25,  or  pretty  exactly,  as  it  ought  to  be,  half  the  bulk  of 
the  hydrogen  gas,  which  was  actually  blamed. 

An 
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An  example  of  the  analysis  of  a  highly  combustible  species' 
of  elastic  fluid  is  furnished  by  the  following  experiments  oil 
the  defiant  gaSj  obtained  from  alcohol  and  sulphuric  acid. 
Of  this  gas  100  cubic  inches,  at  a  mean  of  ihe  barometer  and 
thermometer,  were  equal  to  30  troy  grains;  hence  its  specific 
gravity  was  967. 

In  the  receiver  00,  were  contained  of  this  gas  6-3  cub.  in. 

Residue         -  -  -  _        ._     2 

Gas  consumed         -  -  -  -    4-3 

In  the  receiver  h,  were  43-4  inches  of  oxygen  gas.  After 
the  combustion,  there  remained  38'2  cubic  inches  of  mixed 
gases,  of  which  8-6  were  carbonic  acid.  None  of  the  in- 
flammable gas,  which  passed  through  the  bent  tube,  had 
escaped  being  burned  ;  for  the  quantity  of  gas  in  h,  not  ab- 
sorbable by  sulphuret  of  lime,  so  far  from  having  been  in- 
creased, was  found  to  have  sustained  a  trifling  diminu- 
tion, 'ihe  oxygen  gas,  which  was  consumed,  amounted 
to  13' 8  cubic  inches.  Reducing  these  results  to  centesi- 
mal proportion,  100  cubic  inches  of  this  gas  would  give  200 
of  carl)onic  acid,  and  absorb  325  of  oxygen  gas.  This  ex- 
periment agrees  with  Mr.  Dal  ton's,  as  to  the  proportion  of 
carbonic  acid  from  the  combustion  of  olefiant  gas,  but 
assigns  a  larger  consumption  of  oxygen.  It  may  be  ob- 
served, however,  that  the  specific  gravity  of  the  gas,  which 
I  employed,  exceeded  a  little  the  statement  of  the  Dutch 
chemists,  who  found  its  specific  gravity  to  be  909,  conuuon 
air  being  1000. 

Having  satisfied  myself,  by  repeated  experiments,  of  the 
accuracy  of  the  results  which  may  be  thus  obtiuncd,  I  pro- 
ceeded to  the  combustion  of  the  gases  from  a  variety  of  ve- 
getable substances,  and  especially  from  those  which  it  seem- 
ed probable  might  become  oeconomical  sources  of  ligiu.  In 
the  present  memoir,  I  shall  describe  those  only,  which  were 
tnade  on  coal  and  a  few  similar  substances,  reserving  the 
rest  for  a  future  comnumicalion. 

Gas  from  Camicl  Coal. 
This   wa«    received  in  two  separate  poriigns.     €)f  the  first 

pro- 
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product,  100  cubic  inches,  corrected  to  a  mean  temperature 
and  pressure,  weighed  24-28  grains.  Hence  its  specific 
gravity  was  to  that  oF  atmospheric  air  as  783  t«  1000.  Tlie 
second  product  was  much  lighter,  100  inches  weighing 
onlv  10'4  grains,  and  having,  therefore,  the  specific  gravity 
of  335.  The  results  are  comprehended  in  the  fallowing 
table.  The  carbonic  acid,  stated  to  have  been  generated  by 
the  second  combustion,  was  formed  by  adding  to  an  aliquot 
part  of  the  residue,  after  the  removal  of  the  carbonic  acid, 
a  proportion  of  hydrogen  gas  ;  detonating  the  mixture  by 
tlie  electric  spark  ;  and  proceeding  as  already  directed.  The 
two  first  lines  contain  the  minutes  of  actual  experiments  ; 
the  third  and  fourth  these  results  reduced  to  centesimal  pro- 
portion. 


v;arb.a--i<' 

"X.     (fll 

Sp. 
Grav. 

Cub.  in. 
burnetl. 

Ox.  gas. 

Carb.acid 

formed  bv 

luiied  by 

ioalox. 

intal  car- 

(joiisurn- 
nd. 

ed. 

second 
conibiis- 

econd 
■•oiiibiis- 

■oiisiim- 
■d. 

bonic  acid 
formed. 

tinii. 

um. 

T83 

7-3 

16-5 

8-:5 

1-9 

0-9 

17-4 

10-2 

355 

9-8 

9-4 

4-S 

0 

0 

9-4 

4-8 

783 
:5;35 

100 

22^! 

li;5-7 

2-6 

12 

234 

139-7 

100 

9G 

49 

0 

0 

96 

49 

The  early  product  of  the  gas  from  cannel  coal,  before 
being  washed  with  lime-water  or  caustic  potash,  is  a  mixture 
of  several  different  gases,  viz.  carbonic  acid,  sulphureted 
hydrogen,  olcfiant,  and  a  fourth,  which  is  either  a  gas  sui 
generis,  or  a  mixture  of  carbureted  hydrogen  and  carbonic 
oxide.  To  ascertain  the  proportion  of  these  gases  in  any 
mixture,  is  a  problem  of  some  difficulty.  Sulphureted  hy- 
drogen and  olefiant  gases  experience,  it  is  well  known,  an 
immediate  condensation,  when  mingled  with  oxy-muriatic 
acid  gas,  and  in  this  way  they  may  be  separated  from  carbonic 
acid.  Again,  sulphureted  hydrogen  and  carbonic  acid  are 
absorbed  by  liquid  potash,  which  has  no  action  on  olefiant 
gas.  If,  therefore,  tao  equal  portions  of  tlie  gas  from  coal 
be  mixed  with  oxv- muriatic  ga^,  the  one  in  its  recent  state, 
the  other  af'er  being  washed  wuli  potash,  the  condensation 
of  the  toniifT  will  be  found  u,  ^xce^d  ihat  of  the  washed 
portion.  By  the  combined  u^e  of  these  a-cuts,  we  mav  at- 
tain 
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tain  an  approximation,  at  least  to  the  proportions  in  which 
carbonic  acid,  ol^fiant,  and  sulphuretcd  hydrogen  gas  are 
mingled  with  the  auriform  product  of  coal.  The  rule  may 
be  stated  as  follows  :  To  a  measured  quantity  of  oxy-mnria- 
tic  acid  gas,  contained  in  a  graduated  tube,  add  twice  its 
bulk  of  the  recent  coal  gas,  and  at  the  expiration  of  one  or 
two  minutes  observe  the  diminution  which  has  taken  place. 
Wash  an  equal  quantity  with  caustic  potash  j  note  the  loss ; 
and  submit  the  residue  to  the  action  of  oxy-muriatic  acid 
as  before.  The  second  diminution,  thus  cflccted  by  oxy- 
muriatic  gas,  divided  by  2*2,  gives  the  proportion  of  de- 
fiant gas.  Deduct  this  absorption  froin  the  first,  and,  di- 
viding the  remainder  by  1*8,  we  obtain  the  quantity  of  sul- 
phurettd  hydrogen.  Lastly,  to  know  the  quantity  of  car- 
bonic acid  gas,  subtract,  from  the  diminution  efTectcd  by 
potash,  >he  amount  of  the  sulphureted  hydrogen  gas.  An  ox- 
amplc,  taken  from  actual  experiment,  will  best  explain  the 
application  of  this  rule. 

One  hundred  measures  of  the  first  product  of  gas  from 
cannel  coal  lost,  by  agitation  with  liquid  potash,  9' 7 
measures.  The  remainder,  being  mingled  with  one-four  h 
its  bulk  of  oxy-muriatic  acid  gas,  the  mixture  lost  lO-t 
measures.  This  diminution,  10-4,  divided  by  e;'2,  givjs 
4-9  for  the  proportion  of  olefiant  gas.  But  100  mcasun  ^  of 
the  unwashed  gas  sustained,  by  adnnxture  with  oxy-muria- 
tic acid,  a  diminution  of  20  measures.  Now,  deducting, 
from  this  diminution,  that  occasioned  by  the  condensation 
of  olefiant  gas,  (viz.  20  —  10*4,)  there  remain  9'6,  which, 
divided  by  1-8,  gives  5'3  for  the  proportion  of  sulpJuireied 
hydrogen  gas.  And  the  diminution  by  potasii  (=  9-7)  — 
5-3  gives  4-4  for  the  proportion  of  carbonic  acid  gas.  Hincc 
100  measures  of  the  first  product  of  gas  from  cannel  coal 
contain, 

1 .  0f  inflammable  gas,  not  afiaclcd  by  the'! 
foregoing  agents  j 

2.  Of  sulphuretcd  hydrogen  gas        -         -        5*3 

3.  Of  olefiant  gas  -  -  .        4.3 

4.  Of  carbonic  acid  gas  -  -       4-4 

10(1 

The 
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The  proportion  of  common  air,  in  the  foregoing  speci- 
men of  gas,  and  in  all  cases  when  care  was  taken  to  ex- 
cliuie  it,  was  too  small  to  cK-serve  being  taken  into  the  ac- 
count, not  appearing,  by  the  test  of  nitrous  gas,  to  exceed 
1  per  cent. 

The  following  table  exhibits  the  compo.^ition  of  gas  from 
various  kinds  of  coal.  In  ihe  last  column,  under  the  term 
inflammable  gas,  is  comprehended  that  portion,  which  is 
neither  suddenly  condensed  by  oxy-muriatic  acid  gas,  nor 
absorbed  by  potash.  A  name  more  descriptive  cannot  be 
ajiplied  to  it,  because  it  varies  essentially  in  different  cases, 
and  the  proportion  of  its  components  is  still  matter  of 
doubt. 

TABLE  T. 


1 

j       Kind  of  Coal. 

No.  of  the 
product. 

One 

hundred  me 

asures  consisted      '          ] 

.Sul.liydr 

Carb.  acid. 

leti^.it 

Hi. 1,1.... 

1  Wigan  cannel.        -j 

1 

5*.'} 
0- 

4-4 
1-8 

49 
0- 

854 
98-2 

Wednesbury,           S 

1 

4-Q 

3-4 

0 

91-7 

Staftordshire.          1 

2 

0- 

2-S 

0 

97-2 

Newcastle  on          \ 

1 

2-9 

2-3 

2-7 

91-6 

Tyne.                   < 

2 

2-2 

1-7 

0 

96-1 

Newcastle,   Staf-  J 
1      fordshire.           | 

1 
2 
3 

3 

1-4 

0 

2-7 

2 

1-4 

0 
0 
0 

94-3 
96-3 
98-G 

kMidd!e*on,  near  J 
1     Leeds.                 1 

1 
2 
3 

3 

1-4 

0 

2 
!-7 

1 
0 
0 

94 

9f;-9 

98- 

!                        r 

1 

3-3 

3-2 

2-5 

91 

! 

'  Black  Mine,  near  1 
j      Manchester.       ) 

-       2 

2 

11 

0 

96-9 

S 

2 

1 

0 

97 

4 

0-5 

1-2 

0 

98-3 

I 

5 

0 

1-2 

0 

96  8 

L 

0 

0 

0 

0 

100 

r 

Merthvr,  Clamor- j 
ganshire.              ^ 

1 

1 

1-7 

0 

97-3 

2 

0 

O 

98-3 

3 

0 

1-6 

0 

98-4 

4 

5 

s 

1-5 

1 

0 
0 

98  5 
99 

6 

0 

0 

0 

100 

Native  coal  tar. 

— 

13 

c 

15 

66 

Caoutchouc. 

0 

4-9 

17 

78-1 

After  separating  the  sulphuretcd  hydrogen  and  carbonic 
acid  gases  by  agitation  with  liquid  potash,  the  residue,  con- 
sisting of  the   inflammable   gas   mixed  with  the  proportion 
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of  defiant  gas  produced  along  with  it,  was  submitted  to 
combustion.  The  iollowino;  table  shows  tl.e  averajie  re- 
suits  of  a  uuuiber  of  these  cxpeiiments. 

TABLE   11. 


\ 

No.  t)f 
hepro 

Wei-irtnf 
lOO  cubic  inches 

1 

100  cubic   iucli.  j 

Kiail  of  Coa!. 

Sp.  grav.i 
(airlOOu)l 

C'.'iisumc 

give  car. 

1 

duct. 

rhei-.Cjo.Bar.SO.) 

ex.  gas. 

acid. 

Wi^raucaiircl.        ^ 

1 

24-28  Gi-s. 

,783 

234 

139-7 

10'4 

^,J5 

96 

19 

WcdncbLiry  coal. } 

1 

£0  9 

(.74 

190 

■^7-5 

2 

9-8 

316 

8.5 

46 

Newcastle  on         J 
lyne.                  \ 

1 

193 

6'J2 

190 

100 

'2 

9-8 

316 

86 

45 

1 

19G 

632 

\^r, 

98 

N-svc?.stle,  Staf-  j 

2 

17-7 

570 

1C,5 

80 

torushire.            | 

3 

IJl 

r90 

100 

60 

i.ceds.                     -^ 

1 

60-7 

G70 

190 

100 

'2 
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S5 
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1 
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65 
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12 
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47 

Merthyr.               <| 

\       4 

8 
5-9 
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1 
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57 

26 

I 

G 
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50 

20 
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233 
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..aoutclioiic. 

— 

— 

— 

2U4 
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An  attentive  examination  of  the  results,  contained  in  both 
the  tables,  suggests  the  following  general  remarks. 

I.  The  defiant  gas  is  a  very  sparing  product  of  the  distil- 
lation ol"  pit-coal.  It  is  found  only  in  llie  first  portions,  and 
even  of  the<:e  it  does  not  compose  more  than  .5  per  cent.  Its 
quantity,  howevf  r,  is  very  much  influenced  by  the  tempera- 
ture employed.  This  rem.irk,  indeed,  may  be  e.xtended  to 
all  the  aeriform  products  of  coal ;  insomuch  thai  from  equal 
weights  of  the  same  coal  it  is  difficult  to  oijtain  by  diflercnt 
operations  conducted  on  a  small  scale,  products  which  are 
the  same  either  in  quantity  or  quality.  The  gas  from  Cnal' 
brooke-dale  tar,  and  that  from  CauiitchunCf  ha\o  a  larger  pro- 
d  portion 
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portion  of  olefiant  gas,  which  in  them  amounts  to  about 
one-sixth  their  bulk. 

2.  Sulphureted  hydrogen  gas  is,  also,  most  abundantly 
produced  at  the  early  stages  of"  the  distillation.  Its  proportion 
then  varies  from  1  to  5  per  cent.  ;  and  towards  the  close  of 
the  process  it  disappears  entirely.  It  increases  the  illu- 
minating power  of  the  coal  gas  ;  but  is  by  no  means  a  de- 
sirable product ;  since  it  yields  by  combustion,  a  gas  (the 
sulphurous  acid)  which  is  extremely  offensive  and  irritating 
to  the  lungs.  By  the  distillation  oi"  coal,  more  sulphureted 
hydrogen  is  produced,  than  is  discovered  among  the  aeri- 
form products  ;  for  a  part,  uniting  with  the  ammonia  whicli 
is  generated  at  the  same  moment,  forms  sulphuret  of  am- 
monia, a  compound  which  I  have  found  among  the  con- 
densed products. 

3.  Carbonic  acid  gas,  like  the  two  prccetling  ones,  appears 
only  at  an  early  stage  of  the  process,  and  in  small  proportion, 
never  amouniina  to  b  per  cent.  A  portion  of  this  gas,  also, 
unites  with  ammonia,  and  hence  carbonate  of  ammonia  is 
found  in  the  condensed  fluid. 

4.  The  gas  from  coal  undergoes  a  gradual  diminution  of 
specific  gravity  and  combustibility,  from  the  commencement 
to  the  close  of  the  process.  This  is  best  shown  by  inspecting 
the  results  of  the  experiments  on  the  Black-mine zniS  Merikyr 
coal  gas  in  lable  II.  because  thev  were  reserved  in  a  greater 
number  of  separate  portions  than  usual.  The  progression 
would,  perhaps,  liave  been  more  regular,  in  these  as  uell  as 
in  the  other  instances,  if  much  of  the  gas  had  not  been  al- 
lowed tA  escape,  in  consequence  of  the  immense  quantity 
which  was  produced.  The  specific  gravity  of  the  coal  gas 
appears  to  afford  a  measure  of  its  fitness  for  illumination, 
sufficiently  accurate  for  practical  uses  ;  but  does  not  bear  an 
exact  correspondence  to  the  chemical  properties  of  the  gas,  as 
ascertained  by  combustion.  It  may  be  remarked,  also,  by 
comparing  the  two  last  columns  of  the  second  table,  that  the 
carbonic  acid  produced  does  not  always  bear  the  same  pro- 
portion to  the  oxygen  expended.  Thus  the  first  product  of 
gas  from  cannel  coal  combines  with  234  measures  of  oxygen 
gas;  and  gives  139*7  of  carbonic  acid.  But  the  gas  from  coal 

T  2  "  tar. 
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tafj  with  only  an  ecjual  consumption  of  oxvgcn,  yitlus  150 
measures  of  carbonic  acid. 

5.  The  aeriform  product  of  coal  does  not  precisely  answer 
to  the  characters  of  any  one  of  the  con)bustible  gases  with 
which  we  are  acquainted.  Tlic  {ir«t  product,  however,  of 
the  distillation  of  common  pit  coal,  alter  being  washed  with 
potash,  approaches  very  nearlv  in  its  properties  to  carbureted 
hydrogen  gas.  The  gases,  which  surpass  this  in  specilic  gra- 
vity, are  mixtures  of  carbureted  hydrogen  \^ith  olefiant  gas, 
and  perhaps  a  small  projioition  of  carbonic  oxide.  The- 
lighter  gases,  in  addition  to  carbureted  hydrogen,  probably 
contain  a  variable  proj^ortion  of  hydrogen  gas  and  a  small 
quantity  of  carbonic  oxide.  The  extreme  levity  of  some  of 
the  products,  especially  of  the  gas  from  Merthijr  coal,  can- 
not be  explained  on  any  other  supposition. 

6.  The  products  of  the  combustion  of  a  cubic  foot  of  coal 
gas,  of  medium  quality,  viz.  of  the  specific  gravity  62^',  (such 
as  the  first  products  iron  Newcastle  on  Ti/nc  coal,)  may  be 
stated  as  follows  : 

Grains. 

A  cubic  foot,  at  a  mean  of  the  barometer  and  ther- 
mometer, .  _  -  _  -    333'5 

By  combustion,  it  yields  817*3  grains  of  carbonic 
acid,  the  carbon  in  which  may  be  estimated  * 
at  -  -  -  -  -  -    '233-7 


Grains  of  hydrogen  in  a  cubic  foot  of  coal  gas,      -      90-8 


But  99' 8  jrrains  of  hydrogen  are  equivalent  to  the  satura- 
tion of  554*9  grains  of  oxygen,  with  which  they  form  n54-7 
grains  of  water.  Hence  the  oxygen  consumed  ought  from 
calculation  to  be  81  7*3  — C33*7  =  573*(J  +  554-u=  1 123 

And   the  quantity  actually  consumed  appears  by 

expcnmcnt  to  be         -  -  -    llI()-3 


Error         -         -        17 


The  difference,  in  this  example,  between  experiment  and 
calculation  Is  not  greater,   than,  in  such  delicate  processes, 

•  Assuming  the  carbon  to  be  i^8(;  pinias  in  I0;>  grain*  if  c.Trbr.nic  acid,  at 
is  satisfactoriljr  i>r.  vcd  hj  the  experiments  of  .Mes.-r».  AUcn  and  PcpT's. 

may 
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n^ny  alwa)-^  be  expected.  A  part  of  the  deficiency  in  tlie 
oxygen  actually  consumed  may  be  ascribed,  also,  to  a  small 
portion  of  the  inflauiuiable  gas  being  already  in  the  state  of 
carbonic  oxide. 

Without  repeating  tlic  parlicuLirs  of  a  similar  calculation 
made  on  gas  of  inferior  quality,  I  shall  annex  a  comparative 
statement  of  the  specific  gravities  and  composition  of  the  good 
and  inferior  irases. 


Source  of  the  gas. 


Newcastle  coal, 
Ditto,  last  product, 


Wclglu 

)f  a  cubii 

foot. 


333-7  gr. 
169-5 


A  cubic  foot 
consists  of 
carb.  hvdr. 


'233-7 
111-5 


99  8 


Oxyji;-en  gas  .  Gives 

consumed    by|  / ^— — i 

a  cubic  foot.  jCarb.acid.  Water 


11)0-3 
5oO 


817-3 
400 


The  inferior  gas,  also,  probablv  contains  carbonic  oxide  ; 
for  the  quantity  of  oxygen  gas,  actually  consumed,  will  be 
found,  on  calculation,  less  than  it  ought  to  be,  if  the  car- 
bon were  not  already  conjbined  with  a  portion  of  oxygen. 

The  quantity  «f  water,  which  was  generated  by  com- 
bustion, was  not  determined  experimentally,  but  is  merely 
estimated.  It  must  be  acknowledged  that  the  decomposi- 
tion of  the  inflammable  gases  cannot  lend  to  unques- 
tionable results,  until  the  proportion  of  water,  produced 
by  their  combustion,  be  also  accur3.tely  ascertained.  With 
the  view  of  effecting  this,  I  have  already  spent  much 
tinie,  and  employed  many  contrivances,  none  of  which 
have  satisfactorily  answered  the  purpose  for  which  they  were 
intended. 

7.  There  appears  to  be  a  considerable  difference  in  the 
specific  gravity  and  combustibility  of  gas  from  various  speci- 
mens of  coal,  even  when  taken  at  similar  periods  of  the  di- 
stillation. Tlie  coal  from  JSlerlhyr  in  South  Wales,  which 
burns  without  flanie  or  smoke,  yields  a  gas  which  contains, 
in  an  ei^ual  volume,  scarcely  half  as  much  combustible  niat- 
Lcr  as  the  gas  from  Wigan  cannel.  This  will  probably  be 
found  to  be  the  case  with  respect  to  all  coal  of  similar  qua- 
lity, among  which  may  be  reckoned  the  Ki'ketniv  coal,  'The 
most   important  diftcrence   among  tlie  varieties  of  this  mi> 


T3 


neral, 
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neral,  connected  with  their  appUcation  as  sources  of  light, 
consists  in  the  quantity  of  suiphureted  hydrogen  gas,  which 
is  mixed  with  their  aeriform  products;  and  it  unfortunately 
happens  that  the  coal,  otherwise  best  adapted  to  this  pur- 
pose, yields  generally  the  largest  proportion  of  this  offensive 
gas.  The  only  elTectual  method  of  purifying  the  coal  gas 
from  suiphureted  hydrogen,  on  the  large  scale  of  manufac- 
ture, will  probably  be  found  to  consist  in  agitation  with 
quicklime  and  water,  composing  a  mixture  of  the  consis- 
tence of  cream.  Simple  washing  with  water  by  no  mean§ 
j&fFects  the  complete  separation. 

In  the  experiments  which  were  made  on  the  products  of 
the  distillation  of  coal,  T  purposely  neglected  the  amount 
and  analysis  of  the  condensible  fluids,  because  they  cannot 
be  advantageously  ascertained  by  the  same  operation  with 
the  elastic  ones.  They  may  also  be  much  better  determined 
on  the  large  scale  of  manufacture,  than  by  limited  experi- 
ments. For  the  same  reason  I  was  not  solicitous  to  mea- 
sur-e  even  the  aeriform  fluids  ;  and  on  tliis  subject,  I  be- 
lieve, more  accurate  information  has  been  communicated  by 
Mr.  Murdoch,  than  it  was  in  my  power  to  acquire. 


XLUr.  Lieule?>ant  Bell's  Invention  for  preserving  ihe  Live^ 
of  Mariners  in  Cases  of  Shipivreck^. 

X  UBLiciTY  having  been  recently  given  to  some  experiments 
(ofl"  the  eastern  coast  of  this  island,  for  preserving  lives  in 
cases  of  shipwreck,  by  means  of  a  rope  attached  to  a  shell 
thrown  fron)  a  mortar,  the  Society  of  Arts,  8cc.,  has  thought 
it  incumbent  on  them  to  remind  the  public,  that  so  far  back 
as  the  year  1792,  a  bounty  of  fifty  guineas  was  given  to  Mr. 
John  Bell,  then  serjeant,  afterwards  lieutenant  of  the  royal 
regiment  of  artillery,  for  his  invention  of  throwing  a  rope 
on  shore,  by  means  of  a  shell  from  a  mortar,  on  board  the 
vessel  in  distress ;  the  particulars  of  which  were  published 
in  the  tenth  volume  of  the  Society's  Transactions,  page  Q04  : 

*  Ycom.  Transactinnx  iif  the  Sncieiy  for  the  Er.courngfmnit  cf /hti,  Manu- 
fnclmes,  and  Commerce,  for  1807. 

but 
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but  a  descriptive  enofraving  having  been  omitted  at  that  time, 
it  is  thought  expedient  to  insert  it  in  the  present  publication, 
with  some  further  particulars  then  omitted. 

Models  and  drawings  of  the  whole  apparatus  are  reserved 
in  the  Society's  repository,  for  the  inspection  of  the  public. 

The  several  trials  made  before  a  committee  of  the  Society 
at  Woolwich,  oii  ihe  29ih  of  August  1791,  of  throwing  a 
line  on  shore  on  this  principle,  uere  as  follow: 

From  a  boat  moored  about  250  va.ds  from  .^hore,  tlie  shell 
was  thrown  150  yards  on  shore,  with  the  rope  attached  to 
it;  the  shell  was  of  cast-iron,  filled  v.-ith  lead,  it  weighed 
73  pounds,  its  diameter  eight  inches  ;  the  rope  in  the  trial 
was  a  deep  sea-line,  of  which  Ifio  yards  weigh- d  IS  lbs. 
the  angle  of  the  mortar  from  whence  the  shell  v. as  Hred 
was  45  degrees.  By  means  of  the  line,  Mr.  Bell  and  another 
man  worked  themselves  on  shore  upon  his  raft  of  casks  ; 
there  were  many  kinks  in  the  rope,  whicii  were  'vith  case 
cleared  by  Mr.  Bell,  in  which  he  was  much  assisted  by  his 
snatch  blocks. 

The  second  trial  was  repealed  in  a  similar  manner,  and 
with  equal  success,  the  shell  falling  wiihin  a  few  yards  of 
the  former  place ;  the  gale  of  wind  was  brl'"k,  and  the  water 
rough.  The  direction  of  the  shell  was  nearly  from  north,  to 
south,  and  the  wind  blew  nearly  north-west. 

In  the  third  trial,  the  mortar  was  elevated  to  70  degrees  ; 
the  rope  attached  to  the  shell  was  an  inch  and  half  tarred 
rope,  of  which  every  50  yards  weighed  fourteen  pounds  and 
a  half;  the  shell  of  the  kind  above  mentioned:  it  fell  iCO 
yards  from  the  mortar,  and  buried  itself  about  two  thirds  in 
tlic  ground;  the  line  or  ro])e  run  out  was  about  200  yards, 
and  it  required  the  force  of  three  men  to  draw  the  shell  out 
of  the  ground  at  that  distance. 

The  grommet,  in  all  these  trials,  was  of  white  three  inch 
rope;  and  in  all  the  above  trials,  by  means  of  the  line,  tuo 
nien  worked  themselves  on  shore  upon  the  raft :  each  cbar'>c 
of  powder  was  fifteen  ounces. 

A  iourth   experiment   vias  made  by  firing,  from  the  sa^e 

mortar,  a  grapnel  in  a  wooden- case;   it   did   not  retain    it;. 

hold   in   the  ground  so  well  as  the  shell,  but  amongst  the 

T  4  ■  crevices 
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crevices  of  rocks,  or  where  the  vessel  is  near  sliore,  will  be 
useful. 

A  grapnel  of  this  kind  may  be  fired  from  a  conmion  can- 
non with  an  endless  rope,  running  in  a  pulley  or  small  block 
iix'-d  thereto,  by  which  a  raft  may  be  successively  drawn  to 
and  from  the  vessel  either  by  the  persons  on  board  the  ves- 
sel, or  those  on  shore. 

Observations  made  I'lj  Lieutenant  Bell,  vpnn  throwing  a  Line 
on  Shore  in  case  of  a  Ship  being  stranded. 

1st.  From  the  proposed  construction  of  the  piece  of  ord- 
nance, intended  to  throw  the  shot  and  line  on  shore,  I  sup- 
pose it  will  be  between  five  and  six  hundred  weight. 

The  chamber  is  to  contain  one  pound  of  powder,  and  the 
bore  to  admit  a  leaden  ball  of  sixty  pounds  or  upwards;  the 
length  of  range,  or  distance,  will  depend  upon  the  size  of 
the  line  made  use  of;  I  suppose  it  will  carry  a  deep  ^ea-linc 
between  three  and  four  hundred  yards  distance. 

2d.  All  ships  that  have  iron  ballast,  may  use  this  piece 
as  a  part  of  it,  and  then  there  would  be  only  the  trifling  dif- 
ference of  casting  so  much  of  the  ballast  into  the  form  of  the 
piece;  the  leaden  balls  may  likewise  be  used  as  ballast. 

3d.  I  am  of  opinion  there  fire  various  ways,  on  board  of 
a  ship,  that  the  mortar  may  be  placed  in  a  projier  position 
for  firing  withcjut  a  carriage  expressly  made  for  it;  it  niay 
be  placed  upon  a  coil  of  roj)e,  or  its  trunnions  rested  upon 
coins,  or  any  thing  else,  whereby  the  muzzle  can  bq  raised 
so  high  that  the  groove  upon  the  trunnion  appears  vertical, 
as  the  piece  in  that  position  would  be  elevated  nearly  45 
degrees. 

4th.  As  I  imagine  all  ships  carry  deep  sea-lines,  on  that 
account  T  made  use  of  it  in  the  experiments  at  Woolvvicli  ; 
but  if  it  should  be  thought  too  short  for  the  distance,  any 
other  light  line  may  be  addetl  to  the  length  of  it. 

5lh.  Supposing  a  fehi[)'s  owner  to  ])urcha>L  such  a  piece  of 
ordnance  v\ith  tlie  leaden  b.ills,  and  a  block  carriage  ;  i  l\o 
not  think  the  whole  would  an)ount  to  more  than  ten  or  eleven 
pounds  expense. 

6th.   Where  a  ship  is  driving,  or  uinnanageable,  near  the 

shore. 
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shore,  it  would  be  proper  to  have  the  piece  loaded,  the  liii? 
reeled  upon  hand-spikes  or  poles,  and  laid  upon  the  dei:k 
ready  for  firing  at  any  time  il  might  be  judged  necei^sary. 
The  hand-spikos  or  poles,  the  line  is  reeled  upon,  preserve 
it  in  an  liorizontal  form  ;  and  they  are  not  to  be  drawn  out 
until  the  mstant  of  firing:  in  this  manner  the  line  will  de- 
liver itself  treely. 

The  five  water-casks  should  also  be  prepared  in  readiness, 
by  lashing  them  together,  and  a  seaman's  chest  fixed  upon 
the  top  of  them,  having  part  of  its  ends  or  sides  cut  out  iii 
order  to  let  out  such  water  as  may  be  thrown  into  it  by  the 
surf.  I  dare  undertake  to  Land  with  such  a  float  upon  a  lee 
shore  any  where  upon  the  coast,  when  it  miuht  be  deemed 
unsafe  tbr  a  boat  to  nialce  fjood  its  landing. 

7th.  Tliere  is  every  reason  to  conclude  that  this  contri- 
vance would  be  very  uset'ul  at  all  ports  of  diiTicult  access 
both  at  home  and  abroad,  where  ships  are  liable  to  strike 
ground  before  they  enter  the  harbour,  as  Shields  Bar,  and 
other  similar  situations,  when  a  line  miglu  be  thrown  over 
the  ship,  vvhich  might  prgbably  be  the  means  of  saving  both 
lives  and  property  ;  and  moreover,  if  a  ship  was  driven  on 
shore  near  such  a  place,  the  apparatus  might  easily  be  re- 
nioved  to  afford  assistance  ;  and  the  whole  performance  is  so 
exceedingly  simple,  that  any  person  once  seeing  it  done, 
would  not  want  any  furlhcr  instructions. 

John  Bell. 

Wcolwidi,  Aug.  29,  iT9}. 

Some  further  Ohstrvatmis  made  hy  Lieutenant  Bell,  upon 
the  application  of  the  Mortars  intended  for  ihroiving  a 
Li  fie  on  Shore,  in  case  of  a  Ship  being  stranded. 

1st.  In  trading  ships,  this  piece  would  answer  for  makinrf 
cignals  of  distress,  by  filling  the  chamber  with  powder,  and 
well  wadding  it,  as  ihe  report  would  be  heard  some  n)iles 
distance  at  sea. 

2d.  Such  a  gun,  being  accompanied  with  a  few  rounds  of 
round  and  grape-shop,  would  defend  a  shij)  much  better  than 
i  longer  gun,  i^gaiiitt   any  piratical  or  other  hostile  inten- 
tions, 
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tions,  as,  from  its  shortness,  it  would  be  more  readily  loaded 
ar.d  fired  with  a  larger  charge  ei^ch  time. 

3d.  Accidents  from  a  gun  bursting,  which  may  arise  from 
an  unskilful  person  loading  with  too  oreai  a  proportion  ot 
powder,  is  in  this  piece  effectually  guarded  against,  by  the 
chamber  being  constructed  to  contain  but  one  pound  of 
powder,  a  quantity  which  is  only  about  one- third  of  the 
usual  charge  of  a  cannon. 

4lh.  from  the  small  size  of  such  a  gun  and  carriage,  it 
Hiight  be  kept  upon  deck,  without  mucii  inconvenience  in 
working  the  ship,  in  order  to  be  ready  if  necessity  required; 
and  when  the  ship  is  out  at  sea,  it  might  then  be  put  beiow. 
But  from  the  number  of  dreadful  wrecks,  which  so  fre- 
quently happen  along  the  coast,  it  certainly  would  be  pru- 
dent to  have  it  always  upon  deck  when  withm  sight  of  land, 
and  particularly  in  stormy  weather. 

John  Bell. 

WooKvicli,  Sept.  SO,  1791. 

To  C.  Taylor,  M.D.  Sec. 

Reference  to  the  Engraving  of  Lieutenant  Bell's  Method 
of  throwing  a  Rope  on  Shore,  from  a  stranded  Pessel. 
Plate  VI II. 

a,  Fig.  2.  Represents  the  mortar  on  its  carriage;  b,  the 
shell  shown  within  the  mortar  by  dotted  lines  ;  c,  the  grom- 
rnet,  or  doul)le  rope,  which  connects  the  shell  and  line  ; 
d  d,  the  line  to  be  thrown  on  shore,  now  ready  wound  on 
the  poles  or  hand-spikes,  /?/;,  and  which  are  to  be  withdrawn 
when  the  mortar  is  fired. 

Fig.  3.  Is  a  separate  view  of  the  sliell,  with  ihe  grommet 
and  end  of  the  line  attached  thereto,  explained  by  the  same 
letters. 

Fig.  4.  Shows  another  invention,  sunrgcsted  instead  of  a 
shell,  and  to  be  fired  from  a  common  cannon,  in  which  c 
is  an  iron  pin  ',  f,  an  iron  collar  and  rope  sliding  upon  it  ; 
g,  an  iron  ring  which  turns  upon  two  pins  in  the  collar  ;  h 
is  the  gronmiet  or  double  rope,  attached  to  the  ring,  to 
which  tlie  line  to  be  thrown  on  shore  is  fastened.  This  plan 

may 
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may  be  used  where  people  are  on  shore,  to  assist  when  a  line 
is  thrown. 

Fig,.  5.  Shows  a  grapnel  which  may  also  be  fired  from  a 
common  cannon  ;  the  collar  slides  along  it  in  the  same  man- 
ner as  that  in  fig.  4,  to  allow  the  head  oTthe  pin  to  go  down 
to  the  wadding  within  the  cannon;  ?/,  are  two  pins  on 
which  the  ring  k,  is  moveable  ;  /,  the  block  or  pulley  fast- 
ened to  the  ring  ;  ?«,  the  endless  or  double  line  running 
through  it. 

This  method  may  be  u-.ed  with  great  advantaee,  where  a 
ship  is  stranded  near  the  shore  ;  but  where  a  mortar  is  on 
board,  the  use  of  the  shell  and  line  is  the  most  certain. 

Fig.  6.  Shows  the  method  of  forming  a  raft,  by  lashing 
together  witli  rope.-,  five  empty  water-casks  belonging  tu 
the  ship. 

Fig.  7.  Represents  the  raft  ready  for  use  ;  the  apparatus 
n  to  hold  the  person  upon  it,  is  ina-Je  from  a  seaman's  chest 
with  holes  cut  in  the  sides  of  it,  to  allow  the  j)er3on  within 
it  firmer  hold,  and  to  let  out  tiie  water  t'tiat  may  be  thrown 
into  it  from  the  waves;  00,  are  two  pulleys  attached  to  the 
ends- of  the  chest,  and  through  which  the  hue  is  to  run; 
the  raft  is  to  be  ballasted  underneath,  to  prevent  it  from  up- 
setting. 

The  whole  apparatus  is  so  arranged  as  to  be  inclosed  in 
a  small  box,  as  may  be  seen  by  a  reference  to  that  in  the 
Society's  possession. 


XLIV.  On  the  Origin  and  Off2.ce  of  the  yllhurnum  of  Treef. 
In  a  Letter  from  T.  A.  Knight,  Esq.^  F.R.S.,  to  Sir 
Joseph  Banks,  Bart.  K.B.   P.R.S."^ 

MY  DEAR  SIR, 

In  my  last  comnuuiication  I  endeavoured  to  prove  that  the 
bark  of  trees  is  not  subsequently  transmuted  into  alburnum  ; 
and  if  the  statements  that  I  have  there  given  be  curn.'ct, 
they  are,  I  conceive,  decisive  on  the  point  for  wbich'  I  c  i- 
tended :  and  if  the  bark  be  not  converted  into  .iiinrri  .  , 
the   experiments  of  Duhamel,  and   subsequent    r; 

*  From  Philosophical  Transactions  for  li'.OS.  P;.. '  ;; 
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and  those  of  which  I  h.ivc  ^ivun  nn  account  in  I'ornier  nic- 
nioirs,  aiTcjrd  sutikient  eviucnce  that  the  bark  deposits  the 
alburnous  mutter.  If  the  succulent  shoot  of  a  horse  ches- 
Kut,  or  other  tree,  be  examined,  at  successive  periods  in  the 
spring,  it  will  be  seen  that  the  alluirnum  is  deposited,  and 
its  tubes  arranged,  in  ridges  beneath  the  cortical  vessels  ; 
and  the  number  of  these  ridges,  at  the  base  of  each  leaf,  will 
be  found  to  correspond  accuratelv  with  the  nunii)er  of  aper- 
tures through  which  the  vessels  pa:=3  from  the  leaf-stalks 
into  the  interior  bark,  the  alburnous  matter  being  apparently 
deposited  (as  T  have  endeavoured  to  prove  in  former  me- 
moirs) by  a  fluid  which  descends  from  the  leaves,  and  sub- 
sequently secretes  through  the  bark  *.  I  shall  therefore  ven- 
ture to  conclude  that  it  is  thus  depositerl,  and  shall  proceed 
to  inquire  into  the  origin  and  otike  of  the  alburnous  tubes. 

The  position  and  direction  of  these  tubes  have  induced  al- 
most all  naturalists  to  consider  them  as  the  passages  ihrough 
which  the  sap  ascends ;  and  at  their  (irst  formation,  when 
the  substance  which  surroimd.i  them  is  still  soft  and  succu- 
lent, they  are  always  fdled  with  the  fluid,  which  has  appa- 
rently secreted  from  the  bark.  They  appear  to  be  formed  in 
the  soft  cellular  mass,  which  becomes  the  future  alburnum, 
as  receptacles  of  this  fluid,  to  which  they  may  either  afiord 
a  passage  upwards,  or  simply  retain  it  as  reservoirs,  till  ab- 
sorbed, and  c.irried  oH",  bv  the  surrounding  cellular  sub- 
stance. The  former  supposition  is,  at  tirst  view,  the  most 
probable;  but  the  latter  is  much  more  consistent  with  the 
circumstances  that  I  shall  proceed  to  stale. 

IVIany  difierent  hypotheses  have  been  ofi'cred  by  naturalists 
to  account  for  the  force  with  which  the  sap  ascends  in  the 
spring;  of  these  hypotlveses  tvyo  only  appear  in  any  degree 
adequate  to  the  efleets  produced.  Saussure,  jun.,  sujiposes 
tluit  the  tubes  contract  as  soon  as  they  have  received  the  s.".p 
in  the  root,  and  that  this  contraction,  commencing  in  the 
root,  proceeds  upwards,  in)|)eUing  the  sap  before  it  :  ar.d  \ 
have  suytxested  thai  the  expansion  and  eonlraclion  of  the 
compressed  eellulai ,  or  huiiinated  substance  (the  ti^^si-i  eel- 
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lulaire  of  Diiliamel  and  INlirbel)  which  expands  and  contracts 
with  change  of  temperature*  after  the  tree  has  ceased  to 
live,  might  prochice  similar  eflccts  by  occasioninor  nearly  a 
sijtnlar  motion  and  compression  of  the  tubes,  the  coats  of 
which  are,  I  believe,  universally  admitted  not  to  be  mem- 
branous. But  both  these  hypotheses  are  inconsistent  with 
the  facts  that  I  have  now  the  pleasure  to  communicate  to 
you. 

Selecting  parts  of  the  stems  of  young  trees,  from  which 
annual  branches  had  sprung  in  ihe  preceding  year,  I  ascer- 
tained by  injecting  coloured  infusions  into  the  stems,  throu'vji 
the  annual  shoots,  that  the  tubes  which  descended  from  the 
latter,  were,  at  their  bases,  confined  to  that  side  of  the  stem 
from  which  they  sprang,  and  to  the  external  annual  laver  of 
wood.  Deep  incisions  were  then  made  into  the  stems  of 
other  trees  immediately  beneath  the  bases  of  similar  annual 
shoots,  by  which  I  am  quite  confident  that  all  communica- 
tion through  the  alburnous  tubes,  with  the  stem,  was  whollv 
cut  off:  yet  the  sap  passed  into  the  annual  shoots  in  the 
succeeding  spring,  all  of  which  lived,  and  some  erew  \\\\\\ 
considerable  vigour.  I,  at  the  same  tinie,  selected  manv 
lateral  branches,  about  three  lines  in  diamcTer,  in  a  nurserv 
of  apple  trees,  which  I  could  easily  secure  to  the  stems  of 
the  adjoining  trees  to  prevent  tjicir  being  broken.  I  tijcii 
u)ade  an  incision,  more  than  two  lines  deep  in  each,  on  one 
side,  and  at  the  distance  of  six  or  seven  lines  another  inci- 
sion, equally  deep,  on  the  opposite  side;  and  as  I  ai\j  quite 
certain,  from  the  texture  of  these  branches,  that  the  albur- 
nous tubes  passed  straight  through  them,  I  am  equally  cer- 
tain that  every  alburnous  tube  was  at  least  once  intersected! 
Yet  the  sap  passed  into  these  branches,  and  their  buds  un- 
folded in  the  succeeding  spring,  the  incisions  havinn;  been 
made  in  the  winter.  But  I  have  repeated  the  same  experi- 
Rient  after  the  leaves  have  been  full  grown  in  the  summer, 
and  still  the  branches  have  continued  to  live. 

All  naturalists  have  agreed   in   stating  that  trees  perspire 
most  in  the  summei-,  when  their  leaves  have  attained  their 

*  philosophicsl Transactions  fur  ISOI,  p.  545. 
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full  n^iowth,  and  of  course  that  much  sap  must  ascend  at 
this  period;  yet  al  this  period  the  tubes  of  the  alburnum  ap- 
pear dry,  and  to  contain  air  only;  which  induced  Grew  to 
suppose  that  the  sap  rose  in  the  state  of  vapour;  a  supposi- 
tion by  no  means  admissible.  Yet  it  is,  I  conceive,  evi- 
dent that  the  sap  cannot  rise,  as  a  liquid,  through  dry  tubes, 
nor  in  any  state  through  intersected  tubes ;  and  therefore  it 
appears  probable  that  it  does  not  rise  at  all  through  the  tubes 
of  the  alburnum,  and  that  those  tubes  are  intended  to  exe- 
cute a  different  office. 

If  the  sap  do  not  rise  through  the  tubes  of  the  alburnum, 
it  must  rise  through  the  cellular  substance  ;  yet  the  passage 
of  any  fluid  through  this  has  been  denied  by  almost  every 
naturalist,  probably  because  coloured  infusions  have  not 
been  observed  to  penetrate  it,  and  because  many  naturali«t3 
have  considered  it  as  mere  compressed  medulla.  Mirbel, 
however,  contends  that  the  fluid  which  generates  the  'new 
hark  exudes  fron)  it :  and  although  a  fluid,  capable  of  pro- 
ducing the  same  effects,  exudes  from  the  bark,  when  de- 
tached from  the  alburnum,  I  am  much  disposed  to  coincide 
with  him  in  opinion,  having. observed  a  new  bark  to  be  ge- 
nerated on  the  surface  of  the  cellular  substance  of  pollard 
oaks,  in  detached  spaces*.  And  if  the  sap  in  sufficient 
quantity  to  generate  a  new  bark  can  pass  through  the  cel- 
lular substance  of  an  oak,  it  appears  possible  at  least  that 
the  whole  of  the  sap  may  ascend  through  it.  Coloured  in- 
fusions do  not,  I  think,  in  any  degree,  pass  through  the 
bark  of  trees,  yet  it  is  evident  that  the  sap  passes  readiK- 
through  it  ;  and  therefore,  should  it  be  proved  that  such 
infusions  do  not  penetrate  the  cellular  substance  of  the  al- 
burnum, the  evidence  which  this  circumstance  would  afford 
would  be  very  defective. 

Amongst  other  eNperimcnts  that  1  made  to  ascertain  ub,e- 
ther  the  cellular  substance  of  the  alburnum  would  imbibe 
coloured  infusi<nis,  I  took  ofl' branches  of  two  years  old  wiih 
the  annual  shoots  and  leaves  atUiched  to  them,  in  the  sum- 
mer, from  trees  of  different  species  ;  and  I  effectually  dosed 

•  Philojjphlcal  Traiiiactions  fur  1807,  p.  7. 
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the  alburnous  tubes  with  a  composition  formed  of  calcined 
oyster  slieils  and  cheese*,  and  this  was  covered  with  a  niix- 
lure  of  bees  wax  and  turpentine,  so  as  to  efTectually  exclude 
all  moisture.  A  part  of  the  bark  was  taken  off  each  branch, 
in  a  circle  round  it,  a  few  lines  distant  from  its  lower  end, 
where  the  tubes  had  been  closed  ;  and  each  branch  was  then 
placed  in  a  decoction  of  logwood,  in  a  vessel  deep  enough 
to  cover  the  decorticated  spaces.  At  the  end  of  twenty 
hours,  or  somewhat  longer  periods^  these  branches  were 
examined,  and  the  coloured  infusion  was  found  to  have  in- 
sinuated itself  between  the  alburnous  tubes,  in  many  in- 
stances apparently  through  the  cellular  substance.  This  was 
most  obvious  in  the  v.aliuit  tree,  the  younc:  wood  of  which 
is  very  white.  The  prmcipal  object  I  had  in  view  in  making 
this  experiment,  was  to  detect  the  passages  through  which 
I  conceived  the  sap  to  pass  from  the  bark  into  the  alburnum  f. 

From  the  preceding  circumstances,  I  am  disposed  to  infer 
that  the  sap  secretes  through  the  cellular  substance  of  the 
alburnum;  and  through  this  I  conceive  that  it  must  ascend 
when  the  tubes  were  intersected  in  the  preccdinsi  experi- 
ments, and  in  those  seasons  of  the  year  when  the  alburnous 
tubes  are  empty,  though  the  sap  must  be  rising  with  "-reat 
rapidity  :  and  I  shall  endeavour  to  show  tliat  the  presence 
of  the  sap  in  the  alburnous  tubes,  during  that  part  of  the 
year  in  which  trees,  when  wounded,  bleed  abundantly,  does 
not  afford  any  decisive  evidence  of  the  ascent  of  the  sap 
through  those  tubes. 

fn  the  last  spring,  when  the  Iinds  of  th.e  sycamore  first 
began  to  prepare  for  unhjldmg,  I  found  that  the  sap  abound- 
ed in  the  points  al  the  annual  branches;  and  at  tl-e  same 
time  it  flowed  abundantly  from  incisions  made  into  the  al- 
burnum near  the  root.  But  when  similar  incisions  were 
made  at  the  distance  of  eight  or  ten  feet  from  the  ground, 
not  the  least  moisture  flowed;  and   the  tubes  df  the  alhur- 

*  I  have  found  tliis  composition,- and  this  only,  to  bo  cipiiLle  of  Kistaii- 
t'jncously  stopping  the  effusion  of  sap  from  the  vine,  or  o.her  tree,  iu  the 
Ulecding  season. 

\  Philosophical  Traiuactions  for  1807,  p.  7. 
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muii  appeared  to  contain  air  only.  I  also  observed  that  llm 
sap  flowed  as  abundantly  from  the  uj)per  as  from  the  under 
side  of  the  lower  incisions,  if  not  more  abundantly,  and  so 
it  continued  to  flow  to  the  end  of  the  bleeding  season. 

The  sap  iT5ust  therefore  have  been,  by  some  means,  thrown 
into  the  tubes  above  the  incisions,  for  the  quantity  dis- 
charged from  them  exceeded  more  than  a  hundred  times  that 
which  the  tubes  could  have  contained  at  the  time  the  inci- 
sions were  made,  even  had  every  tube  beei\  filled  to  the  ex- 
tremity of  the  most  distant  branch.  And,  as  it  has  been 
shown  that  the  sap  can  pass  up  when  all  the  alburnous  tubes 
arc  intersected,  there  appears,  I  think,  sufficient  evidence 
that  it  must  in  this  case  have  been  raised  by  some  other 
agent  than  those  tubes. 

'rhrouc;h  the  cellular  substance  I  therefore  venture  to  con- 
clude that  the  sap  ascends,  and  it  is  not,  I  think,  difficult  to 
conceive  that  this  substance  may  give  the  impulse  with  which 
the  sap  is  known  to  ascend  in  the  spring.  I  have  shown 
that  the  bark  more  readily  transmits  the  descending  sap  to- 
wards the  roots  than  towards  the  points  of  the  branches  *; 
and  if  the  cellular  substance  of  ^hc  alburnum  expand  and 
contract,  and  be  so  organized  as  to  permit  the  sap  to  escape 
more  easily  upwards  from  one  cell  to  another,  than  in  any 
other  direction,  it  will  be  readily  impelled  to  the  extremities 
of  the  branches  :  and  I  have  show  n  that  the  statement,  so 
often  repeated  in  the  writings  of  naturalists,  of  a  power  in 
the  alburnum  to  transmit  the  sap  with  equal  facility  in  op- 
posite directions,  and  as  well  through  inverted  cuttings  as 
others,  is  totally  erroneous  t. 

If  the  sap  be  raised  in  the  manner  1  have  suggested,  much 
of  it  will  probably  accumulate  in  the  alburnum  in  the  spring ; 
because  the  powers  of  vegetable  life  are,  at  that  period,  more 
active  than  at  any  other  season  ;  and  the  leaves  are  not  then 
prepared  to  throw  off"  any  part  of  it  by  transpiration.  And 
the  cellular  stibstance,  being  then  filled,  inay  discharge  a 
part  of  its  contents  into  the  alburnous  tubes,  which  again 
become  reservoirs,  and  are  filled  to  a  greater  or  less  height, 

*  Pliiloso[)l:!c:il  'Irausnctiun*  for  ISni,  p.  .5,,  f  Ibi<l, 
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in  proportion  to  the  vigour  of  the  tree,  and  the  slate  of  the 
soil  and  season  :  and  it"  the  tubes  which  are  thus  filled  be 
divided,  the  sap  will  flow  out  oF  them,  and  the  tree  will  1  e 
said  to  bleed.  But  as  soon  as  the  leaves  are  unfolded,  and 
begin  to  execute  their  office,  the  sap  will  be  drawn  from  its 
reservoirs,  and  the  tree  will  cease  to  bleed,  if  wounded. 

The  alburnous  tubes  appear  to  answer  anotlier  purpose  in 
trees,  and  to  be  analogous,  in  some  degree,  in  their  efiects, 
to  the  cavities  in  the  bones  of  animals  ;  by  which  any  de- 
gree of  strength,  that  is  necessary,  is  given  with  less  expen- 
diture of  materials,  or  the  incumbrance  of  unnecessary 
weight ;  and  the  wood  of  many  different  species  of  trees  is 
thus  made,  at  the  same  time,  very  light,  and  very  strong, 
the  rigid  vegetable  fibres  being  placed  at  greater  distances 
from  each  other  by  the  intervention  of  alburnous  tubes,  and 
consequently  acting  with  greater  mechanical  advanta^Cj 
than  they  would  if  placed  immediately  in  contact  with  each 
other. 

I  have  shown  in  a  former  communication,  that  the  spe- 
cific gravity  of  the  sap  increases  during  its  ascent  in  the 
spring,  and  ihat  saccharine  matter  is  gencrarcd,  which  did 
not  previously  exist  in  the  alburnum,  nor  in  the  sap  as  it 
rose  from  the  root :  and  I  conceive  it  not  to  be  improbable, 
that  the  air  contained  in  the  alburnous  tubos  may  be  instru- 
mental in  the  generation  of  this  saccharine  matter.  For  I  dis- 
covered in  the  last  autumn,  that  much  air  is  absorbed,  or  at 
least  disappears,  during  the  piocess  of  grinding  apj)les  for 
the  purpose  of  making  cider,  and  that  during  this  absorp- 
tion of  air,  the  juice  of  acid  apples  becomes  very  sweet,  and 
acquires  many  degrees  of  increased  specific  gravity  ;  and  a 
similar  absorption  of  air,  vv'ith  corresponding  effects,  is  well 
known  to  take  place  in  the  process  of  malting. 

I  shall  conclude  with  observing,  that  in  retraciint!:  the 
opinion  I  ff)rmerly  entertained  respecting  the  ascent  of  the 
sap  in  the  alburnous  tubes,  I  do  not  mean  to  retract  any 
opinion  that  1  have  given  in  former  communications  respect- 
ing the  subsequent  motioiv  of  the  sap  through  the  central 
vessels,  the  leaves,  and  bark  ;  or  the  subsequent  junction  of 
the  descending  with  tlie  ascending  current  in  the  atburnuni : 
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every  experiment  that   I   have  made  has,  on  the  contrary, 
tended  to  confirm  my  tbrmer  conclusions. 

I  am,  my  dear  sir,  your  much  obliged  obedient  servant, 
Thomas  Andrew  Knight. 


XLV.  On  the  Pariesation  of  Plants.  Tn  a  Letter  to  Eichard 
Anthonv  SALisnuuY,  Esq.,  F.R.S.  and  L.S.,  /-//Tho- 
mas Anduevv  Knight,  Euj.,  F.R.S.  and  L.S.* 

MY  DEAR  SIU, 

J.  HOUGH  variegated  plants  have  long  ocf^upied  the  me  and 
attention  of  the  gardener,  it  does  not  appear  th^t  the  pecu- 
liarities which  distinguish  then  have  much  attracted  the  at- 
tention otthe  naturalist;  and  I  am  not  acquainted  with  any 
experiments  which  have  been  uiade  either  to  discover  the 
eause  of  variegation,  or  the  efltcls  produced  by  it.  I  am 
therefore  induced  to  trouble  you  with  an  account  of  a  few 
experiments  which  I  have  made  on  one  species  of  variegated 
plant,  from  which  I  obtained  an  unexpected  and  somewhat 
inleresiing  result. 

There  is  a  kind  of  variegated  vine,  well  known  to  garden- 
ers (the  Aleppo),  which  affords  variegated  leaves  and  fruit; 
and  as  the  grape,  though  small,  possesses  a  very  high  fla- 
vour, and  much  richness,  I  wished  to  obtain  some  offspring 
either  from  its  seeds  or  farina,  with  the  hope  of  procuring 
berries  of  larger  size,  and  at  the  same  timo  of  ascertaining 
whether  its  variegation  would  be  transferred  to  theoflfspring. 

With  this  object  in  view  T  extracted  the  immature  sta- 
mina of  the  blossoms  of  the  white  Chasselas,  and  white  Fron- 
tignac  vines;  and  at  the  proper  subsequent  period  T  intro- 
duced the  farina  of  the  Aleppo  vine  :  from  this  experiment  I 
obtained,  in  the  succeeding  spring,  many  seedling  plants. 
These  plants,  which  were  raised  in  a  hot-bed,  presented  no 
singularity  of  character  on  their  first  appearance;  but  early 
in  the  succeeding  summer  I  had  tlie  pleasure  to  observe  pur- 
ple stripes  in  the  seed-leaves  of  several  of  them  ;  and  in  the 
aulunm  the  leaves  of  many  were  variegated.    I  did  not  how- 

*  From  t!ic'  Tr.iiis.ict ions  of  the  Lliuiit.m  Society,  v»l.  ix, 
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ever  obtain  a  single  plant  which  promised  to  produce,  or  has 
subsequently  afibrdcd,  either  coloured  fruity  or  coloured  leaves, 
free  from  variegation. 

When,  on  the  contrary,  I  have  introduced  the  farina  of 
a  black,  or  purple  gTaj)e  into  the  blossom  of  a  white  one, 
none  of  the  plants  1  obtained  have  ever  been  variegated  ;  and 
the  colour  of  the  leaves  and  fruit,  which  these  in  the  first 
year  afforded,  indicated  with  certainty  the  colour  of  all  the 
produce  of  such  varieties,  in  whatever  soil  cuttings  taken 
from  thetn  were  subsequently  planted.  Eut  in  the  varie- 
gated vines  the  result  has  been  wholly  different;  and  though 
the  leaves'  and  fruit  first  produced  by  some  of  them  con- 
tained more  tingeing  matter  than  any  of  the  coloured  kinds, 
thtv  subsequently  produced,  even  on  the  same  tree,  some 
bunches  almost  entirely  black,  others  perfectly  white,  others 
lead-coloured  with  stripes  of  white,  and  others  white  with 
minute  black  stripes;  and  grapes  of  all  the  preceding  colours 
are  very  frequently  seen  on  the  same  cluster.  The  leaves 
are  also  subject  to  the  same  variations,  and  the  colours  in 
them  are  in  son)e  instances  confined  to  the  upper,  in  others 
to  the  under  surface,  and  sometimes  extend  quite  through  ; 
and  both  the  leaves  and  fruit  of  some  of  the  branches  hav» 
become  permanently  colourless. 

It  appears  therefore  obvious,  that  the  tingeing  matter  of 
variegated  grapes,  though  probably  not  essentially  different 
from  that  of  others,  is  differently  combined,  and  united  to 
the  plant ;  and  as  the  variegated  grape  afforded  offspring  si- 
milar to  itself,  and  none  similar  to  other  vines,  which  per- 
manently afford  coloured  fruit,  it  may  be  confidently  in- 
ferred, that  the  nature  of  the  union  between  the  tingeing 
matter  and  the  plants  is  very  essentially  different. 

All  the  variegated  plants  that  I  obtained  from  the  farina 
of  the  Aleppo  vine,  are  not  only  perfectly  free  from  disease 
and  debility  of  every  kind,  but  many  of  them  possess  a  more 
than  ordinary  degree  of  hardiness  and  vigoar ;  and  two  of 
them  appear  much  more  capable  of  affording  mature  fruit,  iu 
the  climate  of  England,  than  any  now  cultivated.  Jt  is 
therefore  sufficiently  evident  that  the  kind  of  variegalicux 
which  I  have  described  is  neither  the  offspring  of,  nor  con- 
U  ?.  necied 
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nected  with,  disease  or  debility  of  any  kind.  But  llie  ?anie  in- 
ference must  not  be  drawn  respecting  otber  variegated  plants; 
for  variegation  itself  appears  to  consist  of  several  distinct 
kinds.  The  leaves  of  a  variety  of  the  common  cabbage  are 
often  seen,  in  the  cottage  garden,  curiously  tinged  with  dif- 
ferent shades  of  red  and  purple,  like  the  leaves  of  the  vines 
which  I  have  described  :  but  in  the  cabbage  these  colours 
combine  and  melt  into  each  other,  whereas  in  the  vijics  the 
distinct  colours  arc  separated  by  well  defuicd  lines.  The  co- 
lours of  the  cabbage  arc  transferred  to  its  offspring,  which  is 
perfectly  hardy  and  vigorous. 

The  spotted  leltucc  must  also  be  classed  with  variegated 
plants,  and  the  oflspring  of  this  is  as  hardy  as  those  of  other 
varieties:  but  the  most  common  kind  of  variegation,    in 
uhich  the  leaves  are  variously  siriped  with  white  and  yellow, 
thouorh  not  the  offspring,  as  some  writers  have  imagined, 
of  disease,  is,  however,  closely  connected  with  some  degree 
of  debility  ;  possibly  owing  to  the   imperfect  action  of  light 
on  all  such  parts  of  the  leaves  as  are  either  white  or  yellow. 
For  I  have  observed  that  variegated  hollies  are  less  patient  of 
shade  than  such  as  are  wholly  green  ;  and  I  have  never  seen 
any  plants,  the  leaves  of  which  are  wholly  white  or  yellow, 
that  continued  to  live  beyond  a  single  season.    A  variegated 
plant  of  the  raspberry,  which  sprang  from  seed  in  my  garden, 
became  wholly  white  in   the   third  year  ;  but  it  perished  in 
the  succeeding  winter,  and  I  should  be  disposed  to  conclude 
that  plants  whose  leaves  are  entirely  white  or  yellow,  cannot 
long  survive;  but  that  Da  Hamel*   has  described  a  variety 
of  the  peach  tree,  of  which  he  says,  "  son  hois,  sesfeuilles, 
ses  fleurs,  et  son  fruit,  tant  exterieurement  qu'interieure- 
ment,  sont   tout  a  fait  blancs."     This  variety  is  at  present, 
I  believe,  wholly  unknown  to  our  gardeners ;  and  I  suspect 
that  it  was  alwa\  s  a  debilitated  plant,  and  that  it  in  conse- 
quence exists  no  more.         I  am,  &c., 

Thomas  Andrew  Kmgiit. 

*  lu  liis  Treatise  on  Trcct. — Article  Peach  Tree. 
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XLVT.  Experiments  relative  to   Coals  and  Cokes  obtained 
from  IVood  and  Pit-coal.     Bij  David  Mltshet,  Esq. 

1  NKED  hardlv  remark,  ihat  charcoal  is  composed  of  pure 
carl>«n,  or  diamond,  combined  with  a  certain  portion  of 
oxygen — and  is  therefore  considered  as  an  oxide.  Oxides  of 
carbon  are  furnished  in  greater  or  less  portions,  and  of  va- 
rious degrees  of  purity,  by  every  substam:e  in  the  vegetable 
kingdom.  Almost  every  substance  in  the  animal  oeconomy 
yields  it,  and  frequently  in  a  state  of  comparative  purity.  In 
the  mineral  kingdom,  in  pit-coal,  plumbagii,  mineral  pitch, 
naphtha,  Sec  ,  we  find  it  bearing  a  greater  proportion  to  the 
other  ingredients  of  the  compound  than  either  in  the  ani- 
mal or  vegetable  departments. 

The  proportion  of  oxygen  united  with  carbon  to  form 
charcoals  has  not  hitherto  been  ascertained  ;  but  from  the 
great  dose  necessary  to  form  carbonic  acid,  it  is  probable  that 
some  oxides  contain  from  30  to  50  per  cent. 

This  will  be  made  to  appear  highly  probable,  from  the 
combustion  or  distillation  of  different  substances  in  close 
vessels.  No  direct  experiment  has  been  hitherto  made  to 
ascertain  the  precise  quantity  of  oxygen  united  to  the  coaly 
residue  obtained  in  the  preparation  of  coke,  charcoal,  or 
any  species  of  coal ;  but  by  a  comparison  of  their  carbo- 
nating  effects,  when  applied  as  agents  in  the  dry  way  of  ex- 
periment, or  even  upon  the  more  enlarged  scale  of  manu- 
facture, we  may  form  a  pretty  correct  estimate  of  their  real 
value,  or  their  approximation  to  the  state  of  diamond. 

From  numerous  experiments  which  I  have  made,  it  ap- 
pears to  me  highly  probable,  that  the  oxide  of  diamond  exists 
ready  formed  in  almost  every  substance  that  yields  a  car- 
bonaceous residuum.  It  has  been  conceived  by  some,  that 
the  oxide  is  formed  in  consequence  of  the  ignition  of  the 
substance  from  which  charcoal  is  meant  to  be  obtained,  by 
the  combination  of  the  oxygen  liberated  from  the  atmosphe- 
ric air,  or  from  surrounding  bodies  ;  and  that,  according  to 
the  quantity  of  oxygen  combined  with  the  matter  of  carbon, 
the  resulting  oxide  would  he  more  or  less  debased.  It  is 
^^  3  probablp 
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probable  that  this  takes  pla^e  to  a  certain  extent,  ant!  that 
all  carbonaceous  matter  prepared  in  contact  with  atmosphe- 
ric air  is  inferior  in  point  of  purity,  or,  in  other  words,  is 
not  so  highly  de-oxygenaled  as  that  prepared  in  close  vessels. 
I  do  not  find,  however,  that,  by  having  recourse  to  close 
vessels  where  there  is  no  contact  of  atmospheric  air,  the  re- 
sulting product  is  materially  altered  as  to  colour  and  general 
appearance,  or  that  the  oxide  of  diamond  apparently  exists 
in  a  state  of  diminulion.  Its  carbonating  efTccts,  however, 
become  wonderfully  ch-iugcd  by  such  a  plan  of  procedure; 
and  subsequent  experiment,  in  various  stages,  develops  many 
characteristics  not  unwotthy  of  an  approach  to  the  state  of 
diamond. 

This  change  of  quality  may  arise  from  another  source  than 
simple  distillation  in  close  vessels,  and  the  prevention  of  the 
contact  of  external  air. 

If  the  heat  of  the  distillation  is  urged  beyond  a  dull  red 
colyur,  or  even  continued  longer  at  the  usual  temperature, 
the  oxide  begins  to  de-oxidate  itself,  and  the  product  will  be 
found  materially  changed  as  to  its  usual  affinities.  It  will  be 
found  mv-»re  difficult  to  ignite  in  common  open  air.  Its  com- 
bustion unless  impelled  with  mechanical  violence  will  move 
on  sluirgishly,  and  under  evejcy  circumstance  a  higher  tem- 
perature and  longer  contact  will  be  requii^ite,  to  effi:^ct  an 
union  with  its  usual  relations.  The  extent  of  carbonaceous 
principle  arising  from  a  given  weight  will,  however,  be  in- 
creased in  the  same  proportion  as  the  substance  has  been 
de-oxidated.  A  greater  quantity  of  carbonic  acid  gas  will 
be  obtained  from  the  same  weight  of  oxide,  and  of  course  a 
greater  quantity  of  carbon  set  free. 

It  is  difficult  to  say  to  what  extent  this  de-oxidizing  prin- 
ciple might  be  carried.  In  heats  of  JCO  and  170="  of  W(;dg- 
wood,  the  increased  density  of  the  carbon,  particularly  if  in 
the  state  of  powder,  and  the  uncommon  depth  of  lustre 
which  the  black  assumes,  are  evidences  that  some  material 
change  has  passed  upon  the  arrangcnjcnt  of  its  constituent 
parts.  There  can,  however,  be  no  doubt  that  there  exist 
certain  fixed  limits,  unless  a  third  affinity  be  interposed,  be- 
yond which  carbonaceous  matter  ceases  to  dc-oxidate  it-p 
3  self: 
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self:  or  sliould  its  operation  continue  in  temperatures  when 
we  cease  to  perceive  any  material  change,  its  progress  most 
probably  would  be  so  slow  as  to  require  ages  before  the 
second  portion  of  oxygen  was  set  free.  This  last  will  be  regu- 
lated by  the  nature  of  the  affinities  betwixt  carbon  and  oxy- 
gen, and  the  progress  of  their  action  upon  each  other  during 
the  exposure. 

If  the  affinity  of  de-oxidation  is  supposed  once  to  be 
established,  and  the  carbonaceous  matter  to  be  approaching 
to  the  state  of  diamond,  by  sacrificing  part  of  itself  in  com- 
bination with  the  oxygen,  its  tendency  to  do  so  will  be  di- 
niinishing  in  the  ratio  of  its  continuance,  unless  some  new 
action,  by  increase  of  temperature,  affinity  or  othcrwi.se,  be 
excited.  The  ultimate  period  of  de-oxidation  will  therefore 
most  likely  be  retarded  by  both  a  want  of  time  and  means. 
The  difficulty  arising  from  the  former,  and  want  of  tem- 
perature to  extract  or  give  both  an  additional  affinity  that 
would  clear  the  oxide  of  its  second  and  third  portions  of 
oxygen,  are  evidently  so  great  as  to  leave  little  hope  of  form- 
ing any  thing  in  this  way  purer  than  a  highly  incombustible 
coal. 

The  combustion  of  wood  or  of  pit-coal  to  form  coke  or 
charcoal  may  be  considered  as  a  principal  step  towards  de- 
oxidation.  In  the  natural  state  of  wood  and  pit-coal,  the 
carbonaceous  matter  appears  to  be  highly  surcharged  with 
oxygen,  which  is  in  part  carried  off  in  burning. 

If  the  ignition  has  been  performed  in  open  fires  exposed 
to  external  air,  a  greater  portion  of  the  original  oxvgcn  will 
remain  fixed.  On  the  contrary,  when  distillation  is  per- 
formed so  as  to  secure  the  product  from  the  contact  of  at- 
mospheric air,  the  portion  of  carbonaceous  matter,  which  in 
all  cases  is  unavoidably  lost,  is  here  combined  with  the  oxy- 
gen of  the  oxide,  which  is  left  in  a  stale  of  comparative, 
purity,  in  place  of  being  carried  off  in  simple  combustion  by 
the  external  air. 

Every  oxide  of  carbon  that  has  hitherto  been  examined 
contains  a  portion  of  ibreign  matter  in  the  state  of  earths  or 
salts,  and  it  appears  by  experimeni  that  even  the  diamond  i> 
not  entirely  free  from  .':uch  an  alloy. 

U  4  I  no  parts 


Oxides. 

Ashes, 

Morway  Pine, 

- 

1-S21 

Cht\>iuit, 

- 

1-800 

Laburnum  J 

_ 

4-800 

Oak, 

- 

1-865 

Ash, 

- 

4-273 

Birrh, 

- 

10-309 

SvcaiTiorc, 

- 

5-406 

Lime, 

- 

3-679 

3 1  -2  Experimcnls  relative  to  Coals  and  Colics 

ICO  parts  of  oxide  of  the  following  substances  from  the 
vegetable  kingdonx  have  been  found  thus  alloyed  ; 

0>:' les.  Ashes. 

Wahuitj            -  -  3-952 

Elm,             -  -  3-;X'0 

Holly,            -  -  5*848 

Scoich  Pine,  -  2900 

Beech,            -  -  4- SOU 

Air.ericau  Maple,  -  3-8oO 

Mahogany,         .  -3-84  6 

Sallow,           -  -  6- 135 
Americ;in  Black  Beech,  4- S3 1 

Pit-coal  affords,  after  burning  or  distillation,  a  large  por- 
tion of  coke  or  oxide  of  carbon.  Ttiis,  in  like  manner  with 
that  procured  from  wood,  contains  various  proportions  of 
alloy. 

The  coals  found  in  the  extensive  coal  country  around 
Glasgow  are  divided  into  five  workable  measures.  No.  1,  2, 
3,4,  5.  These  are  possessed  of  various  local  names,  and 
their  analyses  in  ditlertnt  places  give  different  results.  Even 
the  same  measure  always  contains  two  and  not  unfrequently 
four  difilerent  qualities,  possessed  of  parts  dissiniilarly  com- 
pounded, and  yielding  different  products  when  used  as  agjents 
in  experiments.  Under  such  circumstances,  aclassincationof 
these  various  qualities  will  serve  better  than  nn  enumeration 
of  every  particular  measure,  to  convey  an  idea  how  these 
oxides  are  compounded. 

The  Scotch  coals  in  general,  in  that  quarter,  may  be  short- 
ly arranged  under  soft,  mixed,  and  hard  coals. 

The  soft  may  again  be  divided  into  free  coal,  i.  e.  coal 
that  burns  in  '!ic  fire  without  welding  or  caking;  and  into 
coal  ihat  in  burning  adheres  more  or  less  togetiier,  or  that 
enters  into  a  bituiranous  kind  of  fusion  and  forms  a  firm 
compact  cinder. 

Each  of  these  varieties  again  yields  a  quantity  of  ashes, 
which  in  colour  may  proceed  from  pure  white  to  deep  brown- 
Jsjh  red.  This  distiuction  is  of  4he  utmost  iniijortancc, 
and  ought  to  be  the  subject  of  anntber  divisioii.  So  that  in 
order  to  forui  a  correct  Kica  of  the  nature  of  the  resulting 

oxide 
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oxide   from  each  oi"   ihcse  varieties,   the  following  arrange- 
ment will  he  necf  ssary  : 

1st,  soft    coal  free,    white  ash. 

£cl, ,  red  ash. 

3(i, caking,   white  ash. 

The  following  are  the  results  of  five  SDtcimens  analysed 
from  the  Isi.  measure  of  the  Great  Coal  Field  around  Glas- 
gow, distinguislied  hy  the  following  coal  names;  com- 
missary coal,  upper  coal,  double  coal,  Sec.,  corresponding 
to  No.  I  .— 

100  parts  of  oxide  of — 

1st     specimen    contained    of    ashes  3-14 

2d        4-05 

3d 2-98 

4th        3-35 

5th        2-SO 

The  four  following  varieties  arc:  extracted  from  a  number 
of  resiilis.  of  which  they  may  serve  as  rai  average  ;  many 
of  them,  taken    from  the  same  measure,  and  even  in  con- 
tact with  the  former.     These  correspond  with  variety  No.  2. 
100  parts  of  oxide  of — 

ist    specimen  contained  of  ashes  37*15 

2d       ■■'"  36-10 

3r|        — .  30-70 

4th       —' 25-50 

The  followinji'  results  are   taken  from  experiments  with 
welding  coals,  No.  3.     In  general   these  coals  leave  a  red 
or  brownish -red  ash.     Those  found  in  Yorkshire,  and  used 
at  the  furnaces  for  iron-making,  contain  the  whitest  ash. 
100  parts  of  oxide  of— 

1st  specimen  contained  of  ashes  2*55 

ed       644 

3d        •  5-82 

4th      8-15 

5th      4-75 

6th      ■ .  3-85 

No.  4,  or  that  variety  of  soft   coal  that  welds   and    loaves 

an  ash  of  a  red  colour,  or  of  any  intermediate  shade  betwixt 

alightochrev  brown  and  a  deep  red  brown,  contains  a  greater 

variety  of  alloy  than  anv  other  description  of  coal. 

The  coals  got  at  the  Newcastle  and  Sunderland  collieries  are 

chiefly 
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chiefly  of  this  descrii)lion,  and  yield  ashes  of  ahnost  every 

shade  from  lic'it  brown  to  dee])  brown  red. 

The  following  results  will  show  the  immense  variety  of 
alloy  that  is  found  in  oxides  taken  from  this  class. 

'No.  1    contained  of   light  brown  ash,      -  -     2-85 

2        do.  earthy,  -     4*75 

3       do.  deeper,  -     5-10 

4  '~         l)rown,  -  -     6' 5  5 

5       ■         dark  do.  -  -     6-90 

6       deep  vivid  brown,  -     6"30 

«  <;  7       dull  earthy    do.  -   10-75 

8       do.  dense,  -  -    13'38 

9       browi:ish  red,  -  -   14'95 

10       do.  deeper,  -  -    17'40 

]  I        dull  reddi.sh  brown,  -  25'80 

12       do.  stonv,  -  -  34-66 

13       sulphiiret  of  coal  and  bitumen,  48-50 

The  2d,  or  mixed  class  of  coals,  being  in  gene.ral  less  dis- 
similar to  each  other,  afford  a  less  variety  of  alloy.  The 
ashes  of  this  kind  of  coal  are  in  common  specifically  lighter 
than  those  of  any  other  class,  and  vary  from  a  blueish  white 
to  a  primrose  colour. 

The  purity  of  the  oxides  obtained  from  it  may  be  gathercti 
from  the  following  results  : 
J  00  parts  of  oxide — 

1st  specimen  yielded    1-2.5  of  ashes. 

2d         —  2-55 

3d  4-75 

4th         4-90 

5lh         3  80 

6th         . 7-50 

7lh         1-87 

8th 2-30 

The  3d,  or  hard  coals,  judging  from  ap|)cnrancc  and  from 
ihe  analysis  of  iheir  oxides,  may  be  divided  into  three  va- 
rieties ;  candle  or  cannel  coal,  hard,  and  stony  hard. 

100  parts  of  the  oxides  of  candle  coal  yielded  of  alloy  as 
follows  : 

1st  specimen,  from  Wlgqn, 

2d       Lesniihago,  -      p-BS  /  Ashes  of  a 

3«1       Leven,  -  -   1 5-7' ^  pure  white 

4th      Glasgow  Field, 

••jlh      do. 
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Coke,  or  oxide  of  carbon,  obtained  from  hard  coal,  Is  ge- 
nerally combined  with  a  pure  white  ash,  and  frequently  pos- 
sessed of  considerable  density.  The  quantity  of  this  alloy 
may  be  estimated  from  the  following  results  from  100  parts 
of  each  : 

1st   specimen    of  cokes   contained  of  ashes     6'78 

4ih       9-54 

5th       11-78 

6ih        12-12 

That  particular  variety  of  coal,  which  has  been  described 
as  belonging  to  the  hard  coal  class,  under  the  name  of 
stony  hard,  after  combustion  leaves  a  white  stone  covered 
with  very  fine  white  ashes  of  the  same  colour.  In  many 
cases  the  proportion  that  the  alloy  bears  to  the  carbonaceous 
matter  is  equal,  and  sometimes  greater. — One  hundred  parts 
of  cokes — 

1st  specimen  contained  of  ashes   15*75 

2d       19*50 

3d       £'S-07 

4th      ■ 39-54 

5th      47-30 

6th      51-90 

Besides  these  experiments  relative  to  coals  and  cokes  pro- 
duced from  wood  and  pit-coal,  .1  have  performed  a  number 
of  others  upon  various  substances,  animal  and  vegetable, 
with  a  view  to  produce  oxide  of  carbon,  to  form  a  general 
estimate  of  their  comparative  merits.  Some  of  these  I  shall 
send  you  for  a  future  number  of  the  Philosophical  Magazine, 

XLVII.  Some  interesting  Additions  to  the  Natural  His- 
tory of  Falco  cyaneus  and  pygargus,  together  ivith  Re^ 
marks  on  some  other  British  Birds.  By  George  Mon-s 
TAGIJ,  Esq.  F.L.S.* 

Falco  ctaneus. 

Ind.  Orn.  i.  p.  39.  94. 

Hen    Harrier.      Loth.    Syn. 

J.  HAT  the  natural  history  of  a  bird  indigenous  to  this  coun- 
try, and  by  no  means  uncommon,  should  have  so  long  con- 

*  From  the  Transact!;  ns  of  the  Linncsan  Society,  vol.  ix. 
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tinucd  In  obscurity,  muslj  to  those  not  in  the  habit  of  inves- 
tigating   nature,  appear  very  extraordinary  ;  but  the  scruti- 
nizing ornithologist  will  rect)l!ect  how  few  opportunities  oc- 
cur of  proving,  or  controverting,    a  generally  received  opi- 
nion by  ocular   demonstration.     Upon  the  present  subject 
the   mind    of  the    scientific   world    has    been   so  extremely 
oscillatory  for  want    of  proof,   that   most   authors  have  re- 
lated the  opinions  of  others,  or  reasoned  from   concurring 
circumstances    blended    with    parole  evidence.     In  fact,  it 
must   be  confessed,  that   although  F  had   many  reasons  for 
believing   the    Hen    Harrier,   Falco   cyaneus,  and    Ringtail, 
Falco  pygargus,  to  be  the  saine  species,  yet  1  could  not  ad- 
duce anv  well-authenticated   proof   that  this  was    reallv  the 
fact,  when   the   Ornithological   Dictionary   was   pui)lished. 
It  is  true  that  I  was  assured  by  a  mftst  worthy  and   scientific 
clergyman  in  Sussex,  that  the  gamekeeper  of  general   Pres- 
cott,  in  whose  neighbourhood   he  resided,  had  actually  shot 
both  these  birds  from  the  same  nest,  and  that  they  had  both 
been  preserved  in  one   case,  and  were  in  the  general's   pos- 
session.    That  my  friend  gave  implicit  credit  to  the  keeper's 
assertion  I  could  not  have  the   least  doubt  ;  but   as    I   had 
been  assured  from    another   quarter,  that  not  only  the  male 
and  female  Hen  Harrier  had  been  shot,  which  belonged  to 
the  same  nest,  but  that  the  young  which  could  just  fly  were 
also  killed,  and  were  of  the    same  cinereous-gray  colour  as 
the  parent   birds  ;  Who,  perplexed  with  such   opposite  as- 
sertions, could  determine  ?    But,  to  close  this  discordancy, 
J  shall  transcribe  a  passage   from    the  latest   publication  on 
ornithology  exclusively,  that    has  appeared  in  this   country, 
except  the  Second  Supplement  to  the  General  Synopsis.  The 
author's  words  are  these  :   *'  It  has  been  supposed   that  this 
and  the  following  (relating  to  the  two  birds  in  question)  arc 
n)alc  and  female ;  but  the  repealed  instances  of  Men  Harriers 
of  both  sexes  having  been    seen,    leave  it  beyond  all  doubt, 
that  ihey  constitute  two  distinct  species." 

Such  a  strong  unqualified  assertion  appearing  on  public 
record,  stamped  with  the  authority  of  ihe  author  without 
reference  to  the  nature  of  t:;e  proof,  should  seem  to  pro- 
.ceed  from  personal  know!e.l;:e  :  and  as  the  only  positive  proof 
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to  be  obtained  in  such  case  is  by  dissection,  it  might  naturally 
be  presumed  that  the  author  had  really  determined  this  long 
desideratum  by  the  knife. 

That  male  Rmgtails  have  frequently  occurred  has  been 
well  and  repeatedly  authenticated,  but  no  well  attested  fact 
of  a  female  Hen  Harrier  is,  I  believ^e,  to  be  found.  Those 
who  have  formed  tiieir  own  opinions  upon  this  subject  will 
not  readily  adopt  that  of  another,  without  direct  and  incon- 
trovertible proof  ;  and  since  there  are  two  opposite  opinions 
founded  e(|ually  upon  pointed  assertions,  it  wi\l  not  be  al- 
lowed by  one  party  that  both  the  F.  ajancus  and  F.  pygar<yii$ 
having  been  shot  at  the  same  nest,  is  a  direct  proof  of  their 
being  the  same  species.  Nor,  on  the  contrary,  will  the  othcv 
be  convinced  of  the  fact  by  a  bare  assertion  that  female  Hen 
Harriers  have  been  observed  ;  for  it  may  be  said,  that  as 
birds  of  prey  plunder  the  nests  of  others,  one  of  these 
birds  might  be  shot  in  that  act  of  depredation.  Anrl  .the 
circumstance  of  a  single  instance  of  a  female  biid  appear- 
ing in  the  habit  of  a  Hen  Harrier,  may  be  disputed  as  equal- 
ly liable  to  objection,  since  instances  liave  not  been  v\anting 
to  prove  that  female  birds  have  occasionally  assumed  the 
male  plumage.  Such  difficultiijs  could  only  be  removed, 
and  the  fact  indisputably  established,  bv  finding  the  nest, 
and  rearing  the  young  ;  and  I  am  happy  in  being  now 
enabled  to  lay  before  the  Society  the  result  of  an  experi- 
ment of  this  nature,  which  must  bring  all  controversy  to 
a  conclusion.  To  a  member  of  this  Society,  the  Rev.  Mr. 
Vaughan,  we  are  greatly  inddbted,as  the  discovery  mijiht  yet 
have  been  protracted  to  a  series  of  years,  but  for  his  kind 
communication  and  essential  aid  towards  the  development  of 
the  subject. 

About  the  latter  end  of  .June,  in  the  year  1805,  mv  AictKl 
informed  ftie  that  his  servant  had  found  the  nest  of  a  Hen 
Harrier  in  some  furze,  \a  hich  contained  three  vounir,  and  an 
addle  egg  ;  at  this  time  the  infant  birds  were  very  small,  and 
only  covered  with  white  down  :  it  was  therefore  determined 
to  take  them  as  soon  as  we  deemed  them  sufficiently  lar^-e  to 
be  brought  up  by  hand :  when  that  period  arrived,  the  servant 
vras   directed  to  shoot  one,  and  if  possible   both  of  the  old 

birds 
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birds,  previously  to  bis  bearing   away  what  was  considered  « 

prize  of"  no  small  value. 

On  the  retiini  of  the  man  with  the  young,  he  brought  with 
him  also  the  Hen  Harrier,  which  he  assured  us  he  had,  under 
concealmcni  in  the  furze,  shot  in  the  act  of  dropping  a  thrush 
into  the  nest,  while  the  female  (as  he  seemed  to  consider  the 
other,  and-  which  he  described  to  be  a  brown  hawk)  was  co- 
vering the  young.  He  afterwards  shot  at  and  wounded  the 
female,  but  could  not  obtain  it. 

Strong  as  this  person's  evidence  was  in  our  own  minds, 
yet  it  conveyed  no  more  to  the  public  mind  than  what  had 
been  so  repeatedly  asserted  on  similar  authority  :  being, 
however,  in  possession  of  the  aerie,  the  means  were  in  our 
power  of  fully  determining  the  point  in  question  ;  and  to 
enable  me  to  observe  and  note  the  changes  that  might  take 
place  in  the  plumage,  I  undertook  the  care  of  the  whole 
brood. 

At  this  time  the  two  largest  had  thrown  out  many  feathers, 
sufficient  to  discover  the  plumage  of  the  Ringtail  approach- 
ing ;  the  other,  by  its  appearance,  must  have  been  hatched 
nmch  later.  In  about  a  month  it  was  evident  from  size, 
that  there  was  but  one  male,  so  that  all  my  hopes  rested  upon 
this  single  life.  As  they  became  full  feathered,  there  was  at 
first  no  distinction  in  plumage,  but  the  eyes  of  the  supposed 
male  were  always  lighter  than  in  the  others,  whose  irides 
were  so  dark  as  not  to  be  distinguished  at  a  small  distance 
from  the  pupil.  In  the  dress  of  the  Ringtail  the  whole  con- 
tinued through  the  winter,  when  tiic  one  which  had  been 
weakly  from  the  first,  died  :  this  circumstance  induced  nic 
to  force  a  premature  change  in  some  of  the  «]nill  and  tail 
feathers  of  the  others,  fearing  some  accident  might  frustrate 
my  earnest  desire  of  bringing  matters  to  a  decisive  proof ; 
and  about  the  middle  of  June  I  was  highly  gratified  by  dis- 
covering an  appearance  of  the  new  fei\thers  in  the  place  of 
those  which  had  been  plucked  out,  and  that  clearly  evinced 
the  smallest  bird  to  be  a  Hen  Harrier,  and  the  larger  to  bo  a 
Ringtail. 

Thus  I  had  compelled  nature  to  declare  her  secrets  before 
tjie  appointed  time;  for  in  every  other  rcspeoi  their  plumage 
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was  yet  similar,  excepting  about  the  sides  of  the  face,  which 
were  paler  in  colour  in  the  former,  in  which  also  theirides 
were  of  a  du'l  yellow,  somewhat  mottled,  whereas  in  the  lat- 
ter they  still  continued  tiark. 

The  slivntss  of  thess.-  hawks  had  occasioned  their  breaking 
most  of  their  larger  feathers,  although  confined  in  a  place  ten 
feet  m  length  by  five  in  width  ;  and  as  their  regular  moulting 
season  was  advancing,  they  were  turned  into  a  garden  sur- 
rounded by  a  wall,  where,  after  some  time,  the  female  died 
of  the  cramp  in  her  legs. 

The  male  had  about  the  20th  of  July  thrown  out  many  of 
the  new  feathers  naturally,  especially  the  greater  coverts  of 
the  wings,  and  a  few  gray  feathers  in  different  parts  of  the 
body.  On  the  20th  of  August,  the  greater  part  of  the  quill 
ind  tail  feathers  were  grown  to  their  full  length,  and  a  gra- 
dual increase  of  2;rav  feathers  appeared  on  most  other  parts  : 
the  eves  also  became  m.ore  orange,  but  it  was  not  till  the 
middle  of  October  that  it  had  attained  that  state  which 
made  it  desirable  to  retain,  as  an  existing  fact  of  the  change; 
it  was  then  killed,  and  is  now  in  my  museum.  In  this  state 
the  plumage  of  the  Ringtail  or  female  still  remains  about  the 
neck,  the  smaller  coverts  of  the  wings,  the  thighs,  and 
part  of  the  belly,  intermixed  with  the  male  plumage  :  the  top 
of  the  head  and  wreath  have  also  a  mixture  of  the  feathers 
of  both  sexes  :  the  quills,  scapulars,  and  tail,  are  complete- 
ly masculine ;  in  the  last  of  these  there  are  a  few  small  brokea 
ixars  of  cinereous  brown  on  a  white  ground,  in  the  three 
outer  feathers,  the  exterior  margins  cinereous-'^ay ;  the  six 
middle  feathers  are  almost  wholly  gray,  and  the  markings  are 
very  obscure  beneath. 

Having  by  the  nu>st  powerful  evidence  traced  this  bird 
from  the  egg  to  that  stale  approaching  maturity,  which  so 
elearly  and  satisfactorily  proves  that  Falco  cyancus  and  py-^ 
^argxis  are  actually  of  the  same  species,  two  queries  arise  out 
of.the  observations  of  different  authors.  It  hai  been  re- 
marked bv  Doctor  Latham,  that  no  author  has  mentioned 
the  Hen  Harrier  as  a  bird  of  the  American  continent.  Do 
the  females  only  migrate  to  those  particular  parts  where  thef 
have  been  observed,  aTier  tiie  breeding  season  ;  or  is  not  tJic 

trans- 
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iransallnntic  Rinstail  a  distinct  species,  nor  differing  in 
sexual  plumage  ?  Tiie  other  query  is  with  respect  lO  the 
sexual  distinction  ot^'  the  a&h-co!oured  Falcon  of  the  Orn. 
Diet,  which  has  been  considered  to  be  most  probably  the 
Nf)rthern  Falcon,  or  Falco  hyemall^ ;  for  although  the  male 
of  this  species  has  only  occurred  to  me,  yet,  nothing  having 
been  related  by  any  author  to  induce  a  belief  that  the  sexes 
are  essentially  diflerent  in  plumage,  may  we  not  reasonably 
conjecture  that  the  female  F.  hycmalis  has  been  mistaken 
fopaF.  cyanciis,  and  possibly  occasioned  some  of  the  ac- 
counts related,  concerning  the  similitude  in  the  plumage  of 
both  sexes  of  the  latter  ?  Indeed  the  F.  hycmalis  has  ge- 
nerally been  described  to  be  considerably  larger  than  those 
males  which  have  c(;nie  u;ider  my  inspection, — a  circum- 
stance serving  to  strengthen  the  opinion  that  the  sexes  are 
.siiDilar  in  plumage,  (the  females  of  this  tribe  being  always 
the  largest,)  and  may  have  been  confounded  with  the  cya- 
neif.s,  as  was  the  case  of  the  two  specimens  which  were  sent 
to  me. 

From  the  account  here  given  of  the  Hen  Harrier,  it  is  quite 
clear  that  the  change  of  plumage  is  effected  in  the  autumn 
after  it  leaves  the  nest  ;  and  as  it  is  between  three  and  four 
.months  in  the  act  of  moultiiig,  it  is  certainly  very  extraor- 
dinary that  so  ie.v  instances  have  occurred  of  its  being  killed 
in  that  stale  which  might  have  been  decisive.  That  such 
has  been  taken  is  evident  by  the  description  of  Falco  Hudio- 
nius  oi  authors,  which  is  doubtless  this  bird  in  ciiange  of 
plumage  •;  and  it  will  be  observed,  that  mention  is  made  in 
the  0/7??7/io/o^?ca/D/c/io7?ar^  of  some  slight  indication  of  such 
a  chanire  ;oue  had  only  a  few  gray  feathers,  beginning  the 
change,  and  another  had  several  brown  feathers  in  the  smaller 
coverts  of  the  wings,  which  now  appear  to  be  llie  last  that 
are  changed. 

I  have  now  ordy  to  remark  that  the  nest  of  this  bird  was 
composed  of  sticks  radelv  put  together,  was  nearly  flat,  and 
placed  on  some  fallen  branches  of  furze  that  supported  it  just 
above  the  ground.  The  addle  egg  found  in  the  nest  is  little 
inferior  to  tliat  of  the  Moor-Buzzard,  and  sin)ihu-  in  shape 
and  colour,  being  spotless,  but  of  a  sullied  white. 

Falco 
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Falco  ctnerareus. 

Ash-coloured  Falcon.     Orn.  Dictionary. 

£y  the  cxaminaiion  oFa  recent  specimen  of  this  bird  killed 
on  the  10th  August  1803,  near  Kingsbridge  in  Devonshire, 
I  am  enabled  to  add  somewhat  to  the  description  of  it,  and 
Xb  correct  a  mistake  in  the  wofk  above  referred  to,  which  I 
trust  will  not  be  unacceptable  to  the  ornithologist. 

It  weighed  nine  ounces  and  three  quarters :  length 
eighteen  inches;  breadth  three  feet  eight  inches  and  a  half; 
length  from  the  elbow  to  the  end  of  the  third  quill  feather, 
which  is  the  longest,  fifteen  inches  and  half;  length  of  the 
tail  from  the  gland  on  the  rump  nine  inches  and  a  half.  Bill 
black,  the  base  and  cere  greenish:  irides  and  eyelids  bright 
yellow  :  crown  of  the  head,  cheeks,  throat,  under  part  of  the 
neck,  and  upper  breast  dark  ash-colour:  upper  part  of  the 
neck,  back,  and  scapulars  cinereous-brown  ;  the  latter  is 
cinereous  at  the  base  of  the  feathers  with  the  tips  brown  : 
the  smaller  coverts  are  marked  In  the  same  manner  as  the 
Scapulars  ;  the  greater  coverts  are  cinereous-brown,  the  ex- 
posed part  of  each  feather  darkest,  but  not  tipped  like  the 
others  :  the  eight  prime  quills  are  dusky-black,  the  last  with 
a  dash  of  cinereous;  the  first  is  very  short,  the  third  by  far 
the  longest :  secondary  quills  cinereous  brown  above,  pale 
beneath,  with  three  remarkable  dusky-black  bars  across 
them,  nearly  in  parallel  lines,  each  half  an  inch  in  breadth  ; 
one  onlv  of  which  is  to  be  seen  on  the  upper  s-ide  of  the 
wing,  the  others  being  hid  by  the  coverts,  this  is  about  two 
inches  from  the  tips  of  the  feathers  ;  on  the  under  part  of  the 
wing  two  of  these  bars  are  very  conspicuous,  the  other  close 
to  the  base  is  much  paler,  and  hidden  by  the  under  coverts, 
the  first  row  of  which  is  white,  with  a  large  dusky  bar  across 
their  middle;  the  rest  are  bright  bay,  more  or  less  spotted, 
barred,  or  margined  with  white  :  the  under  parts  of  the 
body,  including  the  under  tail  coverts  and  thighs,  white, 
with  a  broad  streak  of  bright  bay  down  the  shaft  of  each 
feather  :  under  scapulars  with  broad  alternate  bars  of  bay 
and  white  :  the  tail  is  somewhat  cuneiform,  the  two  middie 
feathers   dark  brown,  or  dusky,  the   rest   dark  a=h-colour. 

Vol.  32.  No.  127.  Dec.  1S03.  X  palest 
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palest  on  the  two  or  three  outer  feathers,  wliich  have  also 
their  inner  webs  approaching  to  white;  all  except  the  two 
middle  have  four  equidistant  bars  on  the  inner  web,  taking 
in  the  shaft;  these  on  the  two  outer  leathers  are  bay,  the 
rest  more  or  less  dusky,  with  a  ferruginous  tinge  on  those  at 
the  base:  legs  orange  yellow,  rather  long  and  slender:  claw* 
small  black. 

In  the  original  description  of  tiiis  species  *,  taken  from  a 
eased  specimen,  the  greater  coverts  are,  by  mistake,  said  to 
have  dusky-black  on  the  outer  webs  towards  their  middle, 
forming  a  small  bar;  whereas  it  will  be  now  ol>servcd,  this 
visible  bar  on  the  wing  above  is  on  the  secondary  quills,  and 
not  on  the  coverts. 

The  bird  from  whicli  the  above  description  is  taken  is  a 
male  :  it  has  the  feathers  behind  the  ears  short,  but  no  ruff 
continued  round  the  head,  as  in  the  Hen  Harrier.  It  was  in 
good  condition,  and  had  in  its  stomach  a  sky-lark,  and  yet 
its  weight  was  not  so  much  as  that  of  the  Hen  Harrier  by 
three  or  four  ounces  ;  though  its  length  and  breadth  are  much 
superior,  by  reason  of  its  long  wings  and  tail.  It  must  also 
be  remarked  that  it  appears  to  be  at  least  a  year  old  bird,  as 
some  of  the  quills  are  moulting  ;  the  first  and  second  feather 
of  the  secendary  quills  in  each  wing  arc  not  full  grown,  but 
are  of  the  same  colour  as  the  rest,  and  possess  the  same  three 
bars. 

I  am  not  enabled  to  offer  any  thing  further  on  the  synony- 
ma  than  what  has  been  given  in  another  place;  it  differs  a 
little,  it  is  true,  from  the  Falco  hyemalls  f  ;  but  when  it  i» 
considered  how  little  that  species  seems  to  be  known,  some 
allowance  must  be  made  for  want  of  a  more  minute  descrip- 
tion :  there  seem,  however,  some  marks  of  such  near  affinity^ 
that  I  trust  it  will  hereafter  be  found  the  same.  Whether 
this  is  n)igratory  with  us  is  not  at  present  to  be  fully  deter- 
mined ;  the  time  of  the  year  in  which  this  was  shot  is  rather 
too  early  to  induce  a  belief  that  it  is  a  winter  migrant ;  and 
the  only  one  besides  that  which  has  con)e  under  my  inspec- 
tion I  think  was  killed  in  November,  which  indicates  a  win- 

*  Oraithologkal  Dicuoiiary.  f  Latlinni's  Synopsis. 
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ter  residence  with  us.  It  is,  however,  more  probable  that 
this  species  may  be  indigenous  lo  us,  and  that  it  has  fre- 
quently been  mistaken  for  a  variety  of  the  Hen  Harrier, 

Sylvia  Dartfordiensis* 

Ind.  Orn.  ii.  p.  517-  31. 

Dartford  Warbler.     Lath.  Syn. 

In  a  paper  which  I  had  the  honour  to  lay  some  time  since 
before  the  Linnean  Society,  some  notice  was  taken  of  the 
discovery  of  this  little  bird  in  the  southern  parts  of  Devon- 
shire :  and  I  there  remarked  that,  as  it  had  been  so  frequently 
observed  to  be  a  winter  inhabitant,  a  circumstance  not  fa- 
vourable to  its  being  a  migrative  species,  (as  it  was  said  to 
breed  in  Provence,  on  the  continent  so  much  further  south,*) 
I  was  not  without  hopes  of  ultimately  proving  it  indigenous 
to  this  part  of  England. 

My  opinion  that  this  species  of  Warbler  bred  with  us,  was 
greatly  strengthened  by  a  letter  which  I  had  the  pleasure  of 
receiving  from  a  scientific  friend  in  Cornwall,  well  known  in 
the  literary  world  f,  who  assured  me  that  his  brother  had 
observed  these  birds  for  several  years  to  inhabit  furze,  near 
Truro  ;  that  last  year,  as  well  as  the  present,  they  were  plen- 
tiful during  the  summer  season  ;  and  that  he  had  not  only 
seen  them  every  month  in  the  year,  but  had  observed  young 
ones  soon  after  they  had  left  the  nest,  though  his  search  for 
the  nest  and  eggs  had  been  in  vain. 

This  information  redoubled,  if  possible,  my  ardour,  and  I 
visited  a  large  furze  common  in  my  neighbourhood,  where  I 
had  seen  several  the  preceding  autumn  ;  and  upon  close 
search  on  the  sixteenth  of  July,  three  pair  of  old  birds  were 
observed,  two  of  which  had  young  evidently  by  their  extreme 
clamour,  and  by  frequently  appearing  with  food  in  their 
bills.     The  boldness  and   excessive  garrulity  of  one  pair  in- 

*  Provence  is  situated  between  33  and  34  degrees  north  latitude,  and  5 
and  7  east  longitude;  and  therefore,  as  these  birds  have  been  also  found  ia 
England  in  latitude  51, and  west  longitude  5,  there  can  be  no  doubt  but  all  the 
intermediate  space,  taking  in  nearly  the  whole  of  France,  is  inhabited  by  them 
more  or  less,  whenever  the  situation  is  congenial  to  their  habits. 

t  A'lr.  Stackhouse,  of  Pendarvis. 
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duced  me  to  believe  that  ihe  nest  was  near  at  hand  ;  hut  it 
was  not  vviihout  two  hours  striet  attention  to  the  aciions  of 
the  parent  birds,  that  I  discovered  a  single  young  one  on  the 
ground  ;  this  appeared  to  be  too  sn)a!l  to  voluntarily  leave 
the  nest,  which  was  probably  within  a  few  feet,  but  which, 
from  the  almost  Impenetrable  thickness  of  the  surrounding 
furze,  I  was  not  successful  in  discovering. 

Oh  the  17th  my  researches  were  renewed,  and  after  three 
hours  watching  the  motions  of  another  pair,  I  discovered  the 
nest  with  three  young ;  it  was  placed  amongst  the  dead 
branches  of  the  thickest  furze,  about  two  feet  from  the 
ground,  slightly  fastened  between  the  upright  or  main  stems, 
not  in  a  fork. 

On  the  same  dav,  close  to  where  T  found  the  single  young 
bird,  two  v/ere  observed  to  be  busied,  ^carrying  materials  for 
building;  and  by  concealing  myself  in  the  bushes,  I  soon 
discovered  the  place  of  nidilication,  by  the  continued  returns 
of  the  birds  with  something  in  their  bills,  for  making  their 
nest;  and,  upon  examination,  I  found  it  was  just  begun. 
Extraordinary  as  it  may  appear,  there  is  great  reason  to  be- 
lieve that  this  was  the  same  pair  from  which  I  had  the  day 
before  taken  the  single  young  one.  Is  it  not  possible  that 
the  inclination  of  the  parent  birds  to  propagate  again,  wad 
the  cause  of  the  young  leaving  the  nest  prematurely,  in  de- 
fect of  a  sufficient  supply  of  food,  and  that  the  other  young 
perished  ?  A  circumstance  so  singular  can  no  more  be  de- 
nied than  positively  asserted;  but  as  I  could  never  observe 
niore  than  one  pair  near  the  place,  there  is  reason  to  believe, 
thou2,h  extraorduiary,  that  it  was  really  the  case,  and  that 
they  actually  began  a  new  nest  the  day  after  they  were  de- 
prived of  the  only  surviving  young. 

The  nest  appeared  to  be  finished  on  the  19th,  but  it  pos- 
sessed only  one  egg  on  the  2l6t  in  the  afternoon,  and  on 
the  26th  it  eontiiiued  four,  when  the  nest  and  eggs  were 
secured. 

This  nest  was  placed  near  the  top  of  the  furze,  in  the 
thickest  part,  ah'Uit  four  feet  from  the  ground,  but  so  well 
concealed  that,  although  the  b;rds  were  R-peatedly  seen  to 
f  v  in  uiih  building  materials  in  their  bills,  it  v\as  with  the 

greatest 


ond  some  other  Britlsli  Birds.  325 

greatest  difficulty  found.  The  continued  flirting  of  these 
birds  from  bush  to  bush,  and  through  them,  is  so  extremely 
deceitful,  that  it  is  scarcely  possible  to  notice  the  spot, 
amongst  such  an  uniformity  of  cover,  where  they  deliver  the 
contents  of  their  bill,  especially  as  they  frequently  retire 
from  a  very  different  part. 

Like  the  other,  this  nest  is  composed  of  dry  vegetable 
stalks,  particularly  goose  grass ;  mixed  with  the  tender  dead 
branches  of  furze,  not  sufficiently  hardened  to  become  prick- 
ly ;  these  are  put  together  in  a  very  loose  manner,  and  in- 
termixed very  sparingly  with  wool.  In  one  of  the  nests  was 
a  single  partridge's  feather.  The  lining  is  as  sparing,  for  it 
consists  only  of  a  few  dry  stalks  of  a  fine  species  of  carex, 
without  a  single  leaf  of  the  plant,  and  only  two  or  three  of 
the  panicles. 

This  thin  flimsy  structure  which  the  eye  pervades  in  all 
parts,  much  resembles  that  of  the  whitethroat.  The  eggs  are 
also  somewhat  similar  to  those  of  Sylvia  cinerea,  but  rather 
less,  weighing  only  22  grains;  like  the  eggs  of  that  species, 
they  possess  a  slight  tinge  of  green  ;  they  are  fully  speckled 
all  over  with  olivaceous-brown  and  cinereous,  on  a  greenish- 
white  ground,  the  markings  becoming  more  dense,  forming 
a  zone  at  the  larger  end. 

Whether  the  Dartford  Warbler  usually  breeds  so  late,  is 
not  at  present  to  be  determined  ;  but  as  I  found  two  pairs 
with  young  at  the  same  time,  and  have  great  reason  to  be- 
lieve another  pair  was  sitting  about  the  same  period,  it  is 
reasonable  to  conclude  that  they  do  not  propagate  very 
early, — -or  how  are  we  to  account  for  the  loss  of  the  first 
nests  of  all  these,  for  there  were  no  young  birds  to  be  found 
flying  amongst  the  furze  ? 

I  shall  now  return  to  the  young  birds,  which  I  considered 
as  no  small  treasure:  the  first,  which  was  found  on  the 
ground,  had  been  three  days  in  my  possession  before  the 
others  were  fit  to  take*,  and  then   being  able  to  fly  a  little, 

*  There  is  an  exact  period  cf  age  which  is  the  best  for  rearing  young;  birds 
Jjy  hand,  this  is  when  the  tips  of  the  quills  and  the  greatei*  covqrts  of  the 
yi'ings  expose  a  portion  of  their  fibrous  ends. 
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was  put  into  a  nest  of  chaffinches,  and  placed  in  a  box  ;  and 
so  much  did  he  Hke  the  warmth,  that  he  rested  perfecily 
contented,  and  though  he  would  for  several  days  alter  fly  up 
to  the  top  of  the  box  to  be  fed,  yet  he  retired  as  soon  as  sa- 
tisfied with  food,  and  cuddled  amongst  his  companions. 

By  experience,  grasshoppers,  which  at  this  season  of  the 
year  are  to  be  procured  in  abundance,  are  found  to  be  an 
excellent  food  for  all  insectivorous  birds  :  these,  therefore, 
at  first  were  their  constant  food,  and  after  five  or  six  days  a 
mixture  of  bread,  milk,  chopped  boiled  meat,  and  a  little 
finely  pounded  hemp-  and  rape-seed,  made  into  a  thick  paste, 
was  sometimes  given,  to  wean  them  from  insect  tood  by 
degrees;  this  they  became  more  partial  to  than  even  grass- 
hoppers, but  they  afterwards  preferred  bread  and  milk  with 
pounded  hemp-seed  only,  to  every  other  food,  the  smaller 
house  or  window  flies  excepted. 

Before  these  birds  left  the  nest  I  put  them  into  a  pair  of 
scales,  and  found  the  four  weighed  nine  drams,  which  on 
an  average  is  two  drams  and  a  quarter  each.  At  this  time 
they  collectively  ate  in  one  day  upwards  of  five  drams  of 
grasshoppers,  which  is  one  dram  and  a  quarter  each,  so  that 
in  two  days  each  consumed  more  than  its  own  weight.  Such 
a  repletion  is  almost  incredible,  and  doubtless  greatly  be- 
yond what  the  parent  birds  could  usually  supply  them  with, 
which  by  observation  appeared  to  consist  of  variety,  and  not 
unfrequenlly  small  phalenae:  their  growth,  however,  was  in 
proportion  to  this  large  supply  of  food. 

This  interesting  little  family  began  to  throw  out  some  of 
their  mature  feathers  on  each  side  of  the  breast  about  the 
middle  of  August,  and  the  sexes  became  apparent.  At  this 
time  they  had  forsaken  their  grasshopper  food,  feeding  by 
choice  on  the  soft  victuals  before  mentioned. 

The  nestling  attachment  is  very  conspicuous  in  these  little 
birds  towards  the  dusk  of  the  evening,  for  a  long  time  after 
they  have  forsaken  the  nest  ;  they  become  restless,  and  ap- 
parently are  in  search  of  a  roosting  place,  flying  about  the 
cage  for  half  an  hour,  or  until  it  is  too  dark  to  move  with 
Bafcty,  when  a  singular  soft  note  is  uttered  by  one  which 
has  chosen  a  convenient  sjk)1  for  the  ni^jht,  at  w  hieli  in.^tant 

they 
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they  all  assemble,  repeating  th-e  same  plaintive  cry.  Tn  this 
interesting  scene,  as  warmth  is  the  object  ot  all,  a  consider- 
able bustle  is  observed,  in  order  to  obtain  an  inward  birth, 
those  on  the  outside  perching  upon  the  others,  and  forcing 
in  between  them:  during  this  confusion,  whi^'h  sometimes 
continues  for  a  few  minutes,  the  cuddling  note  is  continually 
emitted,  and  in  an  instant  aH  is  quiet. 

Nothing  can  exceed  the  activity  of  these  little  creatures  j 
they  are  in  perpetual  motion  the  whole  day,  throwing  them- 
selves into  various  attitudes  and  gesticulations,  erecting  the 
crest  and  tail  at  intervals,  accompanied  by  a  double  or  triple 
cry,  which  seems  to  express  the  words  cha,  cfia,  cha.  They 
frequently  take  their  food  suspended  by  the  wires,  with  their 
head  downwards,  and  not  unusually  turn  over  backwards  oa 
the  perch.  The  males,  of  which  there  were  three  out  of  the 
four,  began  to  sing  with  the  appearance  of  their  first  mature 
feathers,  and  continued  in  song  all  the  month  of  October, 
frequently  with  scarce  any  intermission  for  several  hours  to- 
gether: the  notes  are  entirely  native,  consisting  of  consi- 
derable variety,  delivered  in  a  hurried  manner,  but  in  a  much 
lower  tone  than  I  have  heard  the  old  birds  in  their  natural 
haunts.  This  song  is  different  from  any  thing  of  the  kind  J 
ever  heard,  but  in  part  resembles  most  that  of  the  stone-chat. 

The  Dartford  Warbler,  like  the  whitethroat,  will  some- 
times suspend  itself  on  wing  over  the  furze,  singing  the 
whole  time:  but  is  more  frequently  observed  on  an  upper- 
most spray,  in  vocal  strain  for  half  an  hour  together. 

Buflbn,  who  appears  to  have  been  the  first  and  perhaps  the 
only  person  on  the  continent  who  knew  any  thing  of  the 
Dartford  Warbler  as  a  naturalist,  seems  to  have  known  very 
Jittle  more  than  the  bird  itself,  and  that  it  had  been  found 
in  Provence,  (as  his  name  evinces,)  but  nothing  of  its  habits. 
If  he  had  not  figured  it  in  PL  enl.  %bb.  f.  1,  it  woulcj 
scarcely  be  conceived  that  the  history  given  by  that  author 
could  be  intended  for  this  species.  We  must  therefore  con- 
clude that  he,  like  other  great  men,  was  deceived  in  that 
part  of  its  natural  history  related  by  JVJ.  Guys  of  Marseilles, 
from  whom  he  seems  to  have  collected,  that  this  bird  not 
only  feeds  amongst  caijbages  on  the  smaller  lepidopieroui 
X  4  insect-?. 
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insects,  but   that  it  roosts  amongst  their  leaves,  to  St.cnre 
itself  against  the  bat,  its  enemy. 

To  this  curious  account,  implicit  faith  cannot  be  given  j 
for  as  on  the  continent  furze  is  by  no  means  uncommon, 
except  in  the  more  northern  part,  there  can  be  no  reason  to 
believe  the  nature  of  this  little  creature  to  be  so  different  in 
Provence  from  what  it  is  in  England,  where  it  is  only  found 
to  inhabit  the  more  extended  tracts  covered  with  that  shrub. 
If  indeed  it  were  necessary  to  hide  itself  at  night  from  the 
bat,  furze  is  better  calculated  for  that  purpose  than  cabbages ; 
but  I  believe  there  is  no  species  of  that  genus  in  b-urope 
sufficiently  large  to  attack  even  our  most  diminutive  bird, 
the  golden-crested  wren,  which  we  may  safely  conclude  has 
no  occasion  to  hide  itself  from  any  European  species  of  Fes- 
pert  ilio. 

Science,  unfortunately,  is  too  frequently  blended  with 
fiction,  occasioned  by  too  large  a  share  of  credulity  j  the 
detection  of  such  errors  is  a  work  of  time,  and  a  series  of 
years  are  often  required  to  correct  what,  according  to  the 
general  merit  of  an  author,  has  more  or  less  been  stamped 
with  crtdi  J. 

Experience  from  ocular  demonstration  has  at  last  been  able 
to  collect  materials  concerning  the  natural  history  of  Sylvia 
P )■  07  incialis J  which  serves  to  evince  that  M.  dc  Buffon  was 
misled,  and  that,  in  fact,  little  was  known  of  the  habits  of 
this  elegant  little  warbler  till  the  present  discoveries. 

BIRDS  NEWLY  DISCOVERED  IN  GREAT  BRITAIN. 

In  this  place  I  shall  take  the  opportunity  of  recording 
some  birds  which,  as  far  as  I  have  been  able  to  discover, 
have  not  till  recently  been  found  in  this  kingdom,  but  now 
claim  a  place  in  the  British  Fauna. 

ARDEA  ^QUINOCTIALIS. 

Lid.  Oni.  ii.  p.  696.  70. 
Little  White  Heron.     Lalhatn.  Syn.  v.  p.  93.  No.  6^. 
This  bird  was  killed  in  Devonshire  the  hitler  end  of  Oc- 
tober, in  the  year  1803,  and  is  now  in  my  museum.   Upon 

dissection  it  proved  a  female. 

TANTALUS 
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TANTALUS  \^IRIDIS. 

Lid.  Orn.  ii.  p.  JO  J.  15. 
Green  Ibis.     Laih.  Si/n.  v.  p.  114.  13. 
This  species  was  shot  in  the  interior  part  of  Devonshire 
;about  the  iTiiddlc  of  September,  in  the  same  year  as  the  pre- 
ceding: it  is  a  male,  and  occupies  a  place  with  the  last. 

Whether  this,  the  bay,  and  the  glossy  ibis  aje  specincally 
<|istiiict,  admits  of  doubt,  and  requires  further  investigation. 

SCOLOPAX  NOVEBORACENSIS. 

Ind.  Orn.  ii-  p.  7 '23.  3-2. 
Red-breasted  Snipe.  Lath.  Sy?i.  v.  p.  153.  26. 
A  small  tiock  of  these  extremely  rare  birds  made  their  ap- 
pearance on  the  ci)ast  of  Devon  in  the  spring  of  the  year 
1803,  one  of  which  was  shot  in  my  neighbourhood,  and  is 
now  in  my  museum.  Soon  after,  I  received  information 
that  a  similar  bird  had  been  shot  at  Weymouth,  in  com- 
pany with  several  others ;  and  the  skin  of  another  was  sent 
tome,  which  had  been  killed  at  Sandwich  in  Kent ,  pro- 
bably belonging  to  the  same  flock,  as  the  account  of  the 
number  seen  last  on  the  east  coast  tallied  nearly  with  what 
first  was  noticed  in  the  west,  allowing  for  those  which  are 
stated  to  have  been  shot. 

GLAREOLA  AUSTRIACA. 

I7?d.  Orn.  ii.  p.  7  53.  1. 
Austrian  Pratincole.  Latli.  Si/n.  v.  p.  222.  /.  85. 
A  bird  of  this  species  has  been  shot,  at  or  near  Liverpool 
in  Lancashire,  and  is  now  in  the  museum  of  Lord  Stanley. 
Having  been  informed  that  a  publication  will  soon  make  its 
appearance  wherein  not  only  the  particulars  relative  to  the 
capture  of  this  bird  will  appear,  but  also  a  verv  excellent 
fi<rure,  I  shall  forbear  to  anticipate  the  author's  intention. 
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DARWINIANA. 

Hepatjs  tumor. — ^The  liver  becomes  enlarged   from  defect 

of  the  absorption  of  mucus   from   its  cells,  as  in  anasarca, 

especially 
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especially  in  feeble  children  ;  at  ihe  same  time  less  bile  is 
secreted  from  the  torpid  circulation  in  the  vena  porta.  And 
as  the  absorbents,  which  rcsimic  the  thinner  parts  of  the 
bile  from  the  gall-bladder  and  hepatic  ducts,  are  also  torpid 
or  quiescent,  the  bile  is  more  dilute,  as  well  as  in  less  quan- 
tity. From  the  obstruction  of  the  passage  of  the  blood 
through  the  compressed  vena  porta  these  patients  have  tumid 
bellies,  and  pale  bloated  countenances  ;  their  paleness  is 
probably  owing  to  the  deficiency  of  the  quantity  of  red  glo- 
bules in  the  blood  in  consequence  of  the  inert  slate  of  the 
bile. 

These  symptoms  in  children  are  gcncr;dly  attended  with 
worms,  the  dilute  bile  and  the  weak  digestion  not  destroying 
them.  In  sleep  I  have  seen  flcuke-worms  in  the  gall-ducts 
themselves  among  the  dilute  bile;  which  gall-ducts  they  eat 
through,  and  then  produce  ulcers,  and  the  hectic  fever, 
called  the  rot. 

M.  M.  After  a  calomel  purge,  crude  iron-filings  are  spe- 
cific in  this  disease  in  children,  and  trie  worms  are  destroyed 
by  the  returning  acrimony  and  quantity  of  the  bile.  A  blister 
on  the  region  of  the  liver.  Sorbcnlia,  as  worm-seed,  san- 
tonicum.  Columbo.  Bark. 

Chlorosis. — When  the  defect  of  the  due  action  of  both  the 
absorbent  and  secerning  vessels  of  the  liver  aflects  women, 
and  is  attended  with  obstruction  of  the  catamenia,  it  is  call- 
ed chlorosis  ;  and  is  cured  by  the  exhibition  of  steel,  which 
restores  by  its  specific  stimulus  the  absorbent  power  of  the 
liver;  and  the  menstruation,  which  was  obstructed  in  con- 
sequence of  debility,  recurs. 

Indigestion,  owing  to  torpor  of  the  stomach,  and  a  con-" 
Bcquei.t  too  great  acidity  of  its  contents,  attends  this  disease; 
whence  a  desire  of  eating  chalk,  or  marl.  Sometimes  a  great 
quantity  of  pale  urine  is  discharged  in  a  morning,  which  is 
owing  to  the  inaction  of  the  absorbents,  which  are  distri- 
buted on  the  neck  of  the  bladder,  during  sleep.  The  swell- 
ing of  the  ankles,  which  frequently  attends  chlorosis,  is 
another  effect  of  deficient  action  of  the  absorbent  system  ; 
and  the  pale  countenance  is  occasioned  by  the  deficient 
quantity  of  red  g'obules  of  blood,  caused  by  the  ddicient 
3  (juanlily 
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qu,'\nlity  or  acrimony  of  the  bile,  and  consequent  weakness 
of  the  ciTculation.  The  pulse  is  so  quick  in  some  cases  of 
chlorosis,  that,  when  attended  with  an  accidental  cough,  it 
iTiay  be  mistaken  for  pulmonary  consumption.  This  quick 
pulse  is  owing  to  the  debility  of  the  heart  from  the  want  of 
stimulus  occasioned  by  the  deficiency  of  the  quantity,  and 
acrimony  of  the  blood. 

M.  M.  Steel.  Bitters.  Constant  moderate  exercise.  Fric- 
tion  wiih  flannel  all  over  the  body  and  limbs  night  and 
morning.  Rhubarb  five  grains,  opium  half  a  grain,  every 
night.  Flesh  diet,  with  small  beer,  or  wine  and  water.  The 
disease  continues  some  months,  but  at  length  subsides  by 
the  treatment  above  described.  A  bath  of  about  eighty  de» 
grees,  as  Buxton  Bath,  is  of  service;  a  colder  bath  may  do 
great  injury. 

Cardialgia. — Heartburn  originates  from  the  inactivity  of 
the  stomach,  whence  the  aliment,  instead  of  being  subdued 
by  digestion,  and  converted  into  chyle,  runs  into  fermenta' 
tion,  producing  acetous  acid.  Sometimes  the  gastric  juice 
itself  beconies  so  acid  as  to  give  pain  to  the  upper  orifice  of 
the  stomach  ;  these  acid  contents  of  the  stomach,  on  falling 
on  a  marble  hearth,  have  been  seen  to  produce  an  efferves- 
cence on  it.  The  pain  of  heat  at  the  upper  end  of  the  gul- 
let, when  any  air  \i  brought  up  from  the  fermenting  con- 
tents of  the  stomach,  is  to  be  ascribed  to  the  sympathy  be- 
tween these  two  extremities  of  the  oesophngus  rather  than 
to  the  pungency  of  the  carbonic  gas,  or  fixed  air;  as  the 
sensation  in  swallowing  that  kind  of  air  in  water  is  of  a  dif- 
tj|i;ent  kind. 

M.  M.  This  disease  arising  from  indigestion  is  often  verv 
pertin-acious,  and  afflicting  ;  and  attended  with  emaciaiiua 
of  the  body  from  want  of  sufficient  chvle.  As  the  saliva 
swallowed  along  with  our  food  prevents  its  fermentation,  as 
appears  by  the  experiments  of  Pringle  and  Macbride,  some 
find  considerable  relief  by  chewing  parched  wheat,  or  mastic, 
or  a  lock  of  wool,  frequently  in  a  day,  when  the  pain  cic- 
curs,  and  by  swallowing  the  saliva  thus  effused  ;  a  tempo- 
rary relief  is  often  obtained  from  antiacids,  as  aeraied  alka- 
line water,  Sell zci's  water,  calcareous  earths,  alkaline  salts 
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made  into  pi!ls  with  soap,  soap  a'one,  tin,  inilk,  bitters. 
More  pt-rnnuent  use  may  be  had  from  such  drugs  as  check 
fermentation,  as  acid  oi:'  vitriol  ;  but  still  more  permanent 
relief  from  such  things  as  invigorate  the  digestion,  as  a  blis- 
ter on  the  back  ;  a  due  quantity  of  vinous  spirit  and  water 
taken  regularly.  Sieel.  Teuiperancc.  A  sleep  after  dinner, 
A  waistcoat  made  so  tight  a?  slightly  to  compress  the  bowels 
and  stomach.  A  flannel  shirt  in  winter,  not  in  summer.  A 
less  quantity  of  potation  of  all  kinds.  Ten  black  pepper- 
corns swallowed  after  dinner.  Half  a-grain  of  opium  twice 
a  day,  or  a  grain.  The  food  should  consist  of  such  things 
as  do  not  easily  ferment,  as  flesh,  shell  fish,  sea-biscuit, 
toasted  cheese.  - 1  have  seen  toasted  cheese  brought  up  from 
the  stomach  24  hours  after  it  had  been  swallowed,  without 
apparently  having  undergone  any  chemical  change, 

Sfralismiis. — Squinting  is  generally  owing  to  one  eye 
being  less  perfect  than  tlie  other  j  on  which  account  the  pa- 
tient endeavours  to  hide  the  worst  eye  in  the  shadow  of  the 
no«c,  that  his  vision  by  the  other  may  not  be  confused. 
Calves,  which  have  an  hydatide  with  insects  inclosed  in  it 
in  the  frontal  sinus  on  one  side,  turn  towards  the  aiTectcd 
side  ;  because  the  vision  on  that  side,  by  the  pressure  of  the 
hydatide,  becomes  less  perfect ;  and  the  disease  being  recent, 
the  animal  turns  round,  expecting  to  get  a  more  distinct 
view  of  objects. 

In  the  hydrocephalus  internus,  where  both  eyes  are  not 
become  insensible,  the  patient  squints  v/ith  only  one  eye, 
and  views  objects  with  the  other,  as  in  common  strabismus. 
In  this  case  it  may  be  known  on  which  side  the  disease  ex- 
ists, and  that  it  does  not  exist  on  both  sides  of  the  brain; 
in  such  circumstances,  as  the  patients  I  believe  never  re-, 
cover  as  they  are  now  treated,  might  it  not  be  adviseable  to 
perforate  the  cranium  over  the  ventricle  of  the  aflected  side? 
which  mi^lit  at  least  give  room  and  stimulus  to  the  afiecled 
part  of  the1)riin  ? 

M.  M.  If  the  s(|uiiuing  has  not  been  confirmed  by  long 
habit,  and  one  e\e  be  not  much  worse  than  the  other,  a 
piece  of  gauze  stretched  on  a  circle  of  whale- bone,  to  cover 
the  best  eve  in  such  a  manner  as   to  reduce  the  distinctness 
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cf  vision  of  ihis  eye  to  a  similar  degree  of  imperfection  with 
the  other,  should  be  worn  some  hours  every  day.  Or  the 
better  eye  should  be  totally  darkened  by  a  tin  cup  covered 
with  black  silk  fpr  some  hours  daily,  by  which  means  the 
better  eye  will  be  oradually  weakened  bv  the  want  of  use, 
and  the  worse  eye  will  be  gradually  strengthened  by  using  it. 
Covering  an  inflamed  eye  in  children  for  weeks  together,  is 
very  liable  to  produce  squir.ting,  for  the  same  reason. 

Aathma  humorale, — The  humoral  asthma  probablv  con- 
sists in  a  temporary  anasarca  of  the  lungs,  which  may  be 
owing  to  a  temporary  defect  of  lymphatic  absorption.  Its 
cause  is  nevertheless  at  present  very  obscure,  since  a  tem- 
porary deficiency  of  venous  absorption,  at  the  extremities  of 
the  pulmonary  or  bronchial  veins,  might  occasion  a  similar 
difficulty  of  respiration.  Or  it  might  be  supposed,  that  the 
lymph  effused  into  the  cavity  of  the  chest  might,  by  some 
additional  heat  during  sleep,  acquire  an  aerial  forn),  and 
thus  compress  the  lungs;  and  on  this  circumstande  the  re- 
lief, which  these  patients  receive  from  cold  air,  would  be 
readily  accounted  for. 

The  paroxysms  attack  the  patient  in  his  first  sleep,  when 
the  circulation  through  the  lungs  in  weak  people  wants  the 
assistance  of  the  voluntary  power.  And  hence  the  absorb- 
ents of  the  lungs  are  less  able  to  fulfil  the  whole  of  their 
duty.  And  part  of  the  thin  mucus,  which  is  secreted  into 
the  air-cells,  remains  there  unabsorbed,  and  occasions  the 
difficult  respiration,  which  awakes  the  patient.  And  the 
violent  exertions  of  the  muscles  of  respiration,  which  suc- 
ceed, are  excited  by  the  pain  of  suffocation,  for  the  purpose 
of  pushing  forwards  the  blood  through  the  compressed  ca- 
pillaries, and  to  promote  the  absorption  of  the  effused  lymph. 

In  this  the  humoral  differs  Irom  the  convulsive  asthma, 
as  in  that  there  is  probably  no  accumulated  fluid  to  be  ab- 
sorbed ;  and  the  violent  respiration  is  only  an  exertion  for 
the  purpose  of  relieving  pain,  either  in  the  lungs  or  in  some 
distant  part,  as  in  other  convulsions,  or  epilepsy;  and  in 
this  respect,  the  fits  of  humoral  and  convulsive  asthma  essen- 
tially differ  from  Cvach  other,  contrary  to  the  opinion  ex- 
pressed without  sufficient  consideration. 
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The  patients  in  the  paroxysms  both  of  humoral  and  con- 
vulsive asthma  find  relief  from  cold  air,  as  they  generally 
rise  out  of  bed,  and  open  the  window,  and  put  out  thcic 
heads  ;  for  the  lungs  are  not  sensible  to  cold,  and  the  sense 
of  suffocation  is  somewhat  relieved  by  there  being  more  ox- 
ygen contained  in  a  given  quantity  of  cold  fresh  air,  than  in 
the  warm  confined  air  of  a  close  bed-chamber. 

I  have  seen  humoral  asthma  terminate  in  confirmed  ana- 
sarca, and  destroy  the  patient,  who  had  been  an  excessive 
drinker  of  spirituous  potation.  And  M.  Savage  asserts,  that 
this  disease  frequently  terminates  in  diabetes ;  which  seems 
to  show,  that  it  is  a  temporary  dropsy  relieved  by  a  great 
flow  of  urine.  Add  to  this,  that  these  paroxysms  of  the 
asthma  are  themselves  relieved  by  profuse  sweats  of  the  up- 
per parts  of  the  body,  which  would  countenance  the  idea  of 
their  being  occasioned  by  congestions  of  lymph  in  the 
lungs. 

The  congestion  of  lymph  in  the  lungs  from  the  defective 
absorption  of  it  is  probably  the  remote  cause  of  humoral 
asthma;  but  the  pain  of  suffocation  is  the  immediate  cause 
of  the  violent  exertions  in  the  paroxysms.  And  whether 
this  congestion  of  l)mph  in  the  air-cells  of  the  lungs  in- 
creases during  our  sleep,  as  above  suggested,  or  not;  the 
pain  of  suffocation  will  be  more  and  more  distressing  after 
some  hours  of  sleep,  as  the  sensibility  to  internal  stimuli 
increases  during  that  time.  For  the  same  reason  many  epi- 
leptic fits,  and  paroxysms  of  the  gout,  occur  during  sleep. 

In  two  gouty  cases,  complicated  with  jaundice,  and  pain, 
and  sickness,  the  patients  had  each  of  them  a  shivering  fit, 
like  the  commencement  of  an  ague,  to  the  great  alarm  of 
their  friends ;  both  which  commenced  in  the  night,  I  sup- 
pose during  their  sleep;  and  the  consequence  was  a  cessa- 
tion of  the  jaundice,  and  pain  about  the  stomach,  and  sick- 
ness; and  instead  of  that  the  gout  appeared  in  their  extre- 
mities. In  these  cases  I  conjecture,  that  there  was  a  me- 
tastasis not  only  of  the  diseased  action  from  the  membranes 
of  the  liver  to  those  of  the  foot;  but  that  some  of  the  new- 
vessels,  or  new  fluids,  which  were  prev'ously  producetl  in 
the  inflamed  liver,  were  translated  to  the  feet  during  the  cold 
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fit,  by  the  increased  absorption  of  the  hepatic  lymphatics, 
and  by  the  retrograde  motions  of  those  of  the  affected  hmbs. 

This  I  think  resembles  in  some  respects  a  fit  of  humoral 
asthma,  where  stronger  motions  of  the  absorbent  vessels  of 
the  lungs  are  excited,  and  retrograde  ones  of  the  corre- 
spondent cutaneous  lymphatics  ;  whence  the  violent  sweats 
of  the  upper  parts  of  the  body  only  are  produced  ;  and  for  a 
time  the  patient  becomes  relieved  by  the  metastasis  and  eli- 
mination of  the  offending  material  by  sensitive  exertion. 

M.  M.  To  relieve  the  paroxysm  a  tea-spoonful  of  ether 
may  be  given  mixed  with  water,  with  ten  drops  of  laudanum, 
to  be  repeated  three  or  four  times.  Venesection.  An  emetic. 
A  blister.  Afterwards  the  Peruvian  bark,  with  a  grain 
of  opium  at  night,  and  two  or  three  of  aloes.  A  flannel 
shirt  in  winter,  but  not  in  summer.     Issues.  Digitalis  ? 

In  this  species  of  asthma,  there  is  great  reason  to  believe, 
that  the  respiration  of  an  atmosphere,  with  an  increased 
proportion  of  oxygen,  will  prove  of  great  advantage;  some 
well-observed  and  well-attested  cases  of  which  are  publisheJ 
by  Dr.  Beddoes  ;  as  this  purer  air  invigorates  the  circulation, 
and  the  whole  system  in  consequence,  perhaps  not  only  by 
its  stimulus,  but  by  its  supplying  the  material  from  which 
the  sensorial  power  is  extracted  or  fabricated.  In  spasmodic 
asthma,  on  the  contrary.  Dr.  Ferriar  has  found  undoubted 
benefit  from  an  atmosphere  mixed  with  hydrogen. 

Parturiiio. — Parturition  is  not  a  disease,  it  is  a  natural 
process,  but  is  more  frequently  unfortunate  in  high  life  thaa 
amongst  the  middle  class  of  females  ;  which  may  be  owing 
partly  to  fear,  with  which  the  priests  of  Lucina  are  liable  to 
inspire  the  ladies  of  fashion  to  induce  them  to  lie-in  in 
town;  and  partly  to  the  bad  air  of  London,  to  which  they 
purposely  resort. 

There  are,  however,  other  causes,  which  render  parturi- 
tion more  dangerous  to  the  ladies  of  high  life;  such  as  their 
greater  general  debility  from  neglect  of  energetic  exercise, 
their  inexperience  of  the  variations  of  cold  and  heat,  and 
their  seclusion  from  fresh  air.  To  which  must  be  added, 
that  great  source  of  the  destruction  of  female  grace  and 
beauty,  as  well  as  of  female  health,  the  tight  stays,  and 
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cJhei"  bandages,  "with  which  ihev  are  generallv  tortured  ir 
their  early  years  by  the  active  folly  of  their  friends,  which, 
by.  tlispiacing  many  of  the  ►visctra,  inipedes  their  actions, 
and  by  compressing  them  logtiher  produces  adftesions  of 
one  part  to  another,  and  affeot?  even  the  form  and  aperture 
of  the  bones. of  the  pelvis^  through  which  the  nascent  child 
must  be  protruded. 

As  parturition  is  a  natural,  not  a  morbid  process,  no  me- 
dicine should  be  given,  where  there  is  in-  appearance  of  dis- 
ease. The  absurd  custom  of  giving  a  powerful  opiate  with- 
out indication  to  all  women,  as  soop  as  they  are  dtlivcrcd, 
is,  I  make  no  doubt,' frequently  aiteiided  with  injurious, 
and  sometimes  with  fatal  consequences. 

Anotiier  thing  very  injurious  to  thechikl,  is  the  tying  and 
cutting  the  navel-string  too  soon  ;  which  should  always  be 
left  till  the  child  has  not  only  repcatedlv  breathed,  but  till 
all  pulsation  in  the  cord  ceases.  As  otherwise  the  child  is- 
much  weaker  than  it  ought  to  be  ;  a  part  of  the  blood  being 
left  in  the  placenta,  which  ouofht  u>  have  been  in  the  child  ; 
and  at  the  same  time  the  placenta  does  not  .^o  niturally  col- 
lapse, and  withdraw  itself  from  the  sides  of  the  uterus,  and 
is  not  therefore  removed  with  so  much  safety  and  certainty. 

[To  be  continued.] 


XLIX.  Materials  for  a  History  cf  the  Prussiates. 
By  M.  Proust*. 

J-  HE  Prussian  blue  used  in  commerce  is  rarely  pure.  Schecle 
has  already  noticed  this  fact.  We  often  find  in  it,  besides 
alumine,  which  forms  part  of  it,  silex,  carbonate,  and  cal- 
careous sulphate,  sulphate  of  potash,  phosphate  of  iron,  the 
red  oxide  of  this  metal,  sulphur,,  oleaginous  ammonia.  Sec. 
In  order  to  comprehend  the  nature  of  this  combination, 
it  is  indispensable  to  use  a  prussiafe  without  alum,  suf- 
ficiently washed  in  the  acids  and  in  boilmg  water.  It 
even  appears  from  a  remark  of  Bertbollet,  that  the  pru-^siatc 
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of  potash  may  be  attached  to  Prussian  blue,  so  strongly  as 
to  resist  the  washing  to  a  certain  degree.  I  do  not  think 
with  him,  however,  that  the  surplus  of  this  salt  should  be 
considered  as  an  element  essential  to  it,  for  the  Prussian 
blue  which  has  been  well  prepared,  leaves  no  trace  of  saline 
matter  in  the  residue  of  its  distillation. 

Prussian  blue,  prepared  without  alum,  is  cupreous  like 
fine  indigo.  It  loses  0*45  only  by  combustion.  Its  residue 
is  red  oxide  without  any  mixture  of  extraneous  matters. 

Action  of  ike  Alkalis. — Prussian  blue,  when  tried  with 
caustic  potash,  leaves  a  residue  which  is  only  red  oxide  con- 
founded with  alumine.  The  shade  is  that  of  kermes,  if  the 
blue  be  of  a  good  quality  :  on  the  contrary,  it  is  pale  and 
earthy  if  it  has  been  surcharged  with  alumine  ;  so  that  we 
may  judge  of  its  nature  extremely  well  from  the  colour  of 
the  residue. 

The  acids,  when  applied  to  a  residue  properly  washed, 
,  extract  no  colour  from  it :  this  shows  that  we  may  in  a 
single  operation  rob  the  Prussian  blue  of  all  its  acid;  but 
for  this  purpose  it  must  be  finely  pulverized,  which  is  ex- 
tremely difficult  to  accomplish.  If  we  throw  some  drops  of 
alkali  into  water  coloured  by  blue  freshly  precipitated,  the 
colour  is  completely  discharged  :  in  this  case  the  oxide  sepa- 
rated from  it  does  not  give  the  least  vestige  of  colour  when 
we  moisten  it  with  an  acid.  In  the  process  usually  followed, 
it  frequently  happens  that  the  ochrey  residue  preserves 
either  some  residue  of  blue  which  has  not  been  attacked  by 
the  alkali,  or  a  mixture  of  prussiate  of  potash,  and  of  ferru- 
ginous alkaline  carbonate,  or  even  these  three  substances 
confounded  together.  I  shall  now  examine  two  of  these 
cases  ;  the  third  may  easily  be  guessed  at. 

If,  for  instance,  we  try  an  acid  upon  a  residue  well  washed, 
and  which  still  retains  some  blue,  this  last  will  not  be  dis- 
covered in  pulverulent  particles,  except  in  proportion  as  the 
acid  will  free  it  of  yellow  oxide.  Between  this  oxide  and 
Prussian  blue  there  is  no  particular  chemical  union,  as  has 
been  hitherto  supposed  ;  at  least  there  is  nothing  which  po- 
sitively indicates  that  the  salino-mctallic  combination,  which 
we  call  prussiate  of  iron,  is,  like  so  many  others,  susceptible 
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of  a  maximum  and  ininimnm;  and  if  the  mixture  of  yellow 
and  blue  sometimes  presented  to  us  by  these  residues  is  not 
green,  as  might  be  expected,  it  is  because  the  yellow  oxide 
alwavs  covers  these  remains  of  blue  in  a  very  great  excess  ; 
at  least  I  never  found  the  latter  to  exceed  one  or  two  hun- 
dredth parts. 

I  now  proceed  to  the  second  case.  A  residue,  if  well 
pulverized,  may  contain  no  vestiges  of  blue,  but  it  easily 
retains  the  two  salts  mentioned  above.  If  we  apply  an  acid 
to  it  in  this  state,  boih  give  blue  in  abundance.  We  shall 
by  and  bv  examine  the  particular  mixture  of  these  two  salts  ; 
but  if  it  has  been  caretullv  washed,  the  acids  can  no  longer 
produce  any  salts  from  it.  Indeed,  nothing  is  more  tedious 
than  this  washing,  for  I  was  obliged  to  renew  the  boiling 
water  at  least  20  times  successively  u])on  a  single  drachm  of 
residue  before  I  obtained  it  completely  pure  :  but  when  we 
at  last  succeed,  the  acids  dissolve  it  without  giving  blue. 

When  these  residues  eiTtrvesce  with  the  acids,  it  is  be- 
cause they  contain  carbonates  of  potash  or  of  lime.  By 
wasliiug,  the  first  is  carried  off;  by  the  application  of  vinegar 
after  washing,  we  discover  the  second.  Thus  it  is  not  the 
red  oxide  which  occasions  this  effervescence  :  it  is  not  sus- 
ceptible of  being  combined  with  the  carbonic  acid  ;  it  cannot 
therefore  take  it  from  potash  in  exchange  for  the  prussic 
acid  which  it  receives  from  it.  In  nature,  as  well  as  in  art, 
the  oxide  of  iron  at  the  minimum  solely  may  be  united  with 
carbonic  acid. 

One  pound  of  blue  of  commerce  of  a  line  quality  gave 
nearly  nine  ounces  and  a  half  of  crystallized  ))russiate  of  pot- 
ash. It  is  by  no  means  rare  to  find  in  the  mother  waters, 
when  left  to  themselves,  truncated  octahedrons  one  inch  in 
diameter.  When  this  blue  carries  sulphuric  acid  with  it, 
there  must  be  at  least  four  crystallizations,  in  order  to  purge 
the  prussiate  of  the  whole  sulphate  of  potash.  These  mother 
waters  contain  alumine  sometimes  in  abundance,  sulphate 
and  phosphate  of  potash,  ferruginous  alkaline  carbonate.  By 
this  we  may  judge  why,  in  analyses,  it  is  of  importance  to 
use  crystallized  prussiate,  and  not  simple  lixiviums  of  Prus- 
sian blue,  as  formerly  nuule.     The  prussiate  of  potash  is 
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imaUerable  in  dry  or  humid  air  :  the  longest  continued  ebul- 
lition does  not  alter  its  nature  in  the  least :  the  taste  is 
sweetish,  slightly  saline,  and  leaving  a  sensation  of  bitter- 
ness behind  :  alcohol  does  not  dissolve  it.  If  we  mix  some 
of  it  with  a  solution,  the  prussiate  is  separated  like  while 
flakes  of  snow,  which  preserve  their  lugtre  when  dried,  and 
resembling  the  silvery  kind  of  gauze  presented  by  the  ace- 
tate of  mercury.  When  redissolvcd  in  water,  it  reproduces 
an  ordinary  solution  of  triple  prussiate. 

This  salt,  which  I  shall  denominate  triple  to  distinguish 
it  from  the  simple  prussiate  of  potash,  is  equally  constant 
in  its  attributes  with  the  most  perfect  neutral  salts*  It  is  of 
a  fine  citrine  yellow  colour,  which  never  leaves  it  until  it 
changes  its  state :  for  this  colour,  as  well  as  for  its  two  other 
characteristic  properties,  of  crystallizing  and  dyeing  the  red 
oxide  blue,  it  is  indebted  to  a  portion  of  black  oxide,  which 
forms  an  essential  part  of  its  constitution.  Without  this  ox- 
ide, subjected,  like  the  two  other  elements  of  the  triple  prus- 
siate, to  an  invariable  proportion,  this  prussiate  could  in  fact 
neither  crystallize,  nor  form  blue  with  the  solutions  of  iron, 
the  base  of  which  was  at  the  maximum.  It  is,  in  short,  from 
this  very  union  that  the  principle  which  saturates  the  potash 
of  the  triple  salt  extracts,  as  remarked  by  Berthollet,  proper- 
ties which  singularly  increase  its  analogies  with  the  acids. 

In  this  view  we  may  add,  that  the  triple  prussiate  occupies 
the  middle  between  the  alkaline  and  the  metallic  salts.  When 
we  reflect,  however,  upon  one  property  of  this  salt^  which 
we  shall  mention  presently,  it  would  bedifiicult  to  ascertain 
whether  it  is  to  the  prussic  acid,  or  to  the  simple  prussiate 
collectively,  that  the  oxide  of  iron  attaches  itself  when  it  is 
raised  to  the  slate  of  triple  prussiate.  What  is  certain,  how- 
ever, is,  that  we  are  still  ignorant  of  what  asj)cct  or  what 
properties  a  prussic  acid  should  have,  which  should  be  united 
in  precisely  a  proper  proportion  with  that  dose  of  black 
oxide,  by  the  assistance  of  which  it  can  furnish  a  triple 
prussiate.  On  treating  the  prussic  acid  with  this  oxide,  we 
may  make  l^russian  blue,  but  not  the  ferruginous  kind  of 
acid,  which  is  proper  for  corn'erting  potash  into  triple  salt: 
this  must  not  be  lost  sight  ol';  for  we  know  very  well  that 
Y  2  Prussian 


340  Materials  for  a  History  of  the  Prussiaies. 

Prussian  blue  is  not  of  a  nature  to  be  combined  without  a 
residue  with  potash.  In  a  word,  the  triple  prussiate,  with 
the  exception  of  its  alkaline  base,  is,  if  I  may  so  express 
myself,  a  compound  as  to  which  we  have  as  yet  no  data, 
and  no  idea  which  authorizes  us  to  consider  it  rather  as  a 
salt,  the  acid  of  which  would  have  been  particularly  exalted 
by  its  union  with  the  oxide,  than  as  a  combination  perfected 
throughout  all  its  parts  by  this  same  oxide. 

One  property  which  seems  to  hinder  us  from  admitting 
the  prussiate  as  a  salt,  the  acid  of  which  should  be  exclu- 
sively united  to  the  black  oxide,  is  that  of  its  resisting  the 
power  of  the  alkaline  hydro-sulphurets.  If  these  re-agents, 
which  sj)are  no  other  metallic  salt,  have  no  action  upon  the 
triple  prussiate,  we  are  therefore  to  a  certain  extent  war- 
ranted in  presuming  that  the  oxide  of  iron  could  not  \a  cU 
have  been  exclusively  attached  to  the  acid  of  the  triple  prus- 
siate, unless  we  are  willing  to  believe  that  the  affinity  of 
this  acid  for  the  oxide  is  not  powerful  enough  to  defend  it 
from  the  fate  which  is  common  to  all  the  other  oxides.  To 
conclude:  We  shall  sec  presently  that  an  affinity  so  extra- 
ordinary, however  unexampled  it  may  be  in  chemistry,  is 
not  an  impossibility.  I  shall  now  proceed  to  the  trial  of  the 
hydro-sulphuret  of  potash  upon  the  triple  prussiate. 

Hydro-sulpluiret  and  triple  Phosphate. — The  hydro-sul- 
phuret of  potash  or  of  ammonia,  even  when  assisted  by  heat, 
has  no  action  upon  this  salt.  If  it  contained  some  remains 
of  ferruginous  carbonaie,  it  would  be  freed  from  it,  because 
the  hvdro-sulphuret  decomposes  the  latter :  we  may  filter  it 
if  necessary,  and  yet  the  prussiate  still  crystallizes  under  the 
accustomed  form.  A  similar  result  leads  us  to  discover,  as 
we  originally  insinuated,  a  most  particularly  intimate  com- 
bination between  the  three  elements  of  the  triple  prussiate. 
But  we  shall  see  these  same  hydro-sulphurets  contribute  in 
enabling  us  to  obtain,  in  all  its  purity,  the  white  prussiate, 
or  that  union  in  which  the  iron  is  at  its  minimum  of  oxida- 
tion, which  I  proved  in  my  first  memoir  upon  Prussian  blue. 

I^Vhile  Prmsiate. — On  the  one  hand  we  must  have  a  flask 
of  green  sulphate  very  much  tliluted,  at  the  bottom  of 
which  we  keep  some  grains  of  sulphurel  of  the  same  metal, 
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in  order  to  preserve  its  base  at  its  minimum.  On  the  other 
hand,  we  keep  in  ebullition  over  a  lamp,  a  matrass,  in  which 
has  been  placed  fifteen  or  eighteen  grains  ot  prussialc  of  pot- 
ash and  two  or  three  ounces  of  hydro-sulphuretcd  water  :  a 
few  seconds  after  the  ebullition  or  the  vapour  of  it  has 
driven  off  the  air  which  occupies  the  vacuum  of  the  matrass, 
we  drop  into  it  some  solution  of  the  sulphate :  there  is  a 
precipitate  immediately  produced  which  makes  the  liquor  as 
white  as  milk,  and  which  remains  so  while  the  heat  con- 
tinues. This  is  the  precipitate  which  I  call  white  prussiate : 
this  is  the  prussiate  obtained  by  Fourcroy,  Vauquelin,  Davy, 
and  all  those,  without  doubt,  who,  having  bad  regard  to 
the  conditions  which  secure  the  success  of  it,  have  ascer- 
tained that  the  base  of  the  green  sulphate  could  also  become 
the  base  of  a  prussiate  ditVerent  from  that  which  has  for  its 
base  the  oxide  at  the  maximum.  But  as  upon  passing  from 
one  combination  to  the  other  the  black  oxide  does  not  al- 
ways lose  its  disposition  to  be  hyper-oxidated,  we  see  that  as 
soon  as  the  matrass  is  removed  from  the  fire  the  atmosphere 
reacts  upon  the  milky-looking  mixture,  and  rapidly  ex- 
hibits undulations  in  it  which  commence  by  shading  it,  and 
which  finish  by  giving  it  the  deep  shade  of  the  most  perfect 
blue. 

We  may  also  obtain  -this  product  in  another  manner. 
Drop  some  grains  of  prussiate  of  potash  into  a  very  dilute 
and  boiling  solution  of  £<;reen  sulphate,  and  we  see  a  preci- 
pitate appear,  the  white  of  which  sustains  the  action  of  the 
air  for  a  short  time  longer. 

The  following  are  a  few  additional  processes,  which,  if 
they  add  nothing  to  our  conviction,  are  nevertheless  inter- 
esting from  the  variety  of  the  means. 

Fill  two  glasses,  one  with  nitrate  of  iron  and  the  other 
with  green  sulphate,  both  very  dilute  :  afterwards  drop  into 
them  a  crystal  of  prussiate  of  potash.  In  the  first  we  find 
the  crystal  is  coloured  at  the  same  instant  of  so  deep  a  blue 
that  it  resembles  black  velvet.  In  the  second  it  crackle.^, 
disperses,  and  falls  down  in  a  white  powder :  but,  as  bi.foi<i 
becoming  the  subject  of  the  experiment  it  had  imbibed  at- 
Y  3  mospheric 
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mospheric  air,  the  precipitate  resulting  from  it  assumes  the 
appearance  of  a  piece  of  parsley  cheese. 

Fill  two  glasses  with  boiling  water  ;  put  a  few  drops  of 
jirussiate  into  the  one,  and  an  equal  quantity  into  the  se- 
cond :  add  lo  t!ie  latter  some  drops  of  hydrosulphuret  of 
potash  or  o\  amujonia.  -These  two  glasses  being  thus  pre- 
pared, drop  some  nitrate  of  iron  into  them  :  the  lirst  yields, 
as  might  be  expected,  a  complete  blue  ;  but  the  second  pre- 
sents the  amusing  spectacle  of  a  precipitate  which,  al- 
though blue  at  first,  rapidly  quits  this  colour  lo  become 
white.  The  theory  of  these  facts  is  so  evident  that  I  shall 
not  dwell  upon  it,  nor  shall  I  repeat  all  the  other  experi- 
ments mentioned  in  my  first  memoir,  in  order  to  establish 
the  existence  of  the  two  prussiates  of  iron.  If  the  prussiate 
at  the  minimum  has  no  colour  when  it  is  not  affected  by  the 
atmosphere,  we  find  that  the  green  sulphate  when  dried  has 
none  also.  The  absence  of  colour  in  one  of  these  salts  is 
surelv  not  more  astonishing  than  its  absence  in  the  other; 
and  finally,  if  we  obtain  red  oxide  by  applying  the  alkalis 
to  the  blue  prussiates,  it  is  on  the  contrary  black  oxide 
which  we  extract  from  the  white  prussiate.  But  these  dif- 
ferences, which  theory  previously  points  out,  perfectly  co- 
incides with  those  exhibited  by  the  red  and  green  sulphates 
under  similar  circumstances. 

In  my  fiisl  memoir  I  advised  the  pouiiiig  oi  the  prussiate 
of  potash  upon  the  sulphate  in  a  flask,  in  order  to  avoid,  a» 
•much  as  possible,  the  mixture  of  the  air,  but  I  succeeded 
verv  iniperfectly :  in  the  first  place  because  cold  liquids  al- 
ways brino;  some  air  along  with  them  j  and  secondly,  be- 
cause 1  had  not  thought  of  sulphuretted  hydrogen  for  purging 
them.  I  was  not  then  acquainted  with  the  way  in  which  it 
acted  with  these  salts. 

If,  for  example,  we  dilute  the  solution  of  green  sulphate 
with  three  or  four  times  its  volume  of  sulphuric  or  muriatic 
acid,  the  excpss  of  these  acids  does  not  in  the  least  change 
the  result.  The  while  prussiate  only  wanting  colour  on  ac- 
count of  the  want  of  oxygen,  we  should  think  that  additions 
like  these  arc  not  made  for  the  purpose  of  giving  it.     Acids 
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more  concentrated  may  alter  the  whiteness  of  the  prussiate^ 
but  will  never  bring  it  to  a  perfect  blue. 

The  marine  acid,  boiled  over  prussiate  also  does  not  make 
it  blue. 

This  boiling  acid  is  not  without  action  upon  the  white 
prussiate.  The  following  is  what  I  remarked  on  this  subject : 
Some  white  prussiate  is  destroyed,  some  prussic  gas  disen^ 
gaged,  and  we  find  black  oxide  in  solution  :  in  this  case 
the  little  Prussian  blue  formed  by  the  introduction  of  the 
air  during  the  interval  of  the  mixtures,  predominates  over  the 
white,  and  changes  its  whiteness  to  greenish. 

The  blue  prussiate,  boiled  with  the  same  acid,  also  gives 
prussic  gas  and  abandons  red  oxide,  but  less  is  destroyed  of 
it  than  white  prussiate.  We  may  infer  from  these  facts 
that  the  muriatic  acid,  aided  by  heat,  could,  strictly  speak- 
ing, decompose  the  prussiates,  and  resume  over  the  prussic 
its  rights  as  a  more  energetic  acid  : — this  would  not  be  an 
astonishing,  but  it  would  be  at  least  a  tedious,  experiment. 

Prussiate  of  Potash  and  Acids. — Heat  marine  or  weak 
sulphuric  acid  in  a  matrass  with  crystals  of  prussiate.  When 
ebullition  commences,  the  gas  escapes ;  let  it  be  received  in 
a  bell-glass  full  of  mercury,  or  burn  it  by  presenting  the 
flame  of"  a  candle  to  it.  The  flame  it  emits  is  variegated  red, 
violet,  and  yellow  :  during  the  dissipation  of  the  gas,  the 
liquor  is  thickened  by  the  production  of  a  white  precipitate, 
which  passes  to  the  blueish.  The  gas  b?ing  totally  separat- 
ed, throw  the  mixture  into  boiling  water,  revive  with  oxj"- 
genated  muriatic  acid  ;  wash  and  dry  the  product  in  a  cap- 
sule. Four  experiments,  made  at  distinct  periods,  yielded 
me  from  0-34  to  0"35  of  complete  blue,  for  a  hundred  parts 
of  triple  prussiate. 

Inferences. — 100  parts  of  Prussian  blue,  without  alum, 
yield  0*55  of  red  oxide  by  combustion.  This  same  blue 
destroyed  by  the  nitric  acid  also  gives  34.  Thus  then  it  is,  no 
doubt,  that  pure  blue  of  Prussia  only  contains  from  0*54  to 
0-55  of  red  oxide.  According  to  these  data,  0-35  parts  of 
blue  should  render  about  0*  1 7  of  black  oxide,  or  0- 1  y  of  red 
oxide.  Hence  it  follows,  when  we  formerly  separated  the 
iron  of  a  solution  by  the  prussiate  of  potash,  this  salt  added 
Y4  to 


344  Materials  for  d  History  of  the  Prussiafes. 

to  the  product  the  0"  19  of  red  oxide,  which  resulted  from 
its  own  decomposition:  but  the  surpkis  was  still  izreater 
when,  instead  of  crystalhzed  prussiate,  we  used  a  simple  al- 
kaline lixivium  of  Prussian  blue.  We  shall  see  the  reason  of 
this  presently. 

When  we  pass  a  ley  of  common  potash  over  Prussian 
blue,  a  part  of  the  alkaline  carbonate  is  charged  with  red  oxide; 
there  results  a  solution  which  answers  to  Stahl's  martial 
tincture,  and  of  which  pure  potash  is  not  susceptible.  This 
solution j  which  may  be  also  prepared  by  throwing  some 
drops  of  nitrate  into  liquid  carbonate,  may  be  mixed  with 
the  prussiate  of  potash  without  occasioning  the  least  change 
even  by  remaining  in  it.  It  is  this  same  ferruginous  car- 
bonate which,  as  I  have  said,  is  recovered  in  its  mother 
waters.  Now  if  we  add  an  acid  to  the  mixture  of  these  salts, 
we  precipitate  perfect  blue  from  it,  because  the  new  solution 
of  oxide  which  replaces  the  ferruginous  carbonate  decom- 
poses in  its  turn  the  prussiate  of  potash,  as  any  solution  of 
iron  would  do  *. 

The  instant,  therefore,  that  we  employ  in  any  analysis  a 
prussic  lixivium  in  place  of  a  crystallized  prussiate,  we  do 
nothing  else  than  add  to  the  product;  in  the  first  place,  the 
ftd  oxide,  which  formed  part  of  the  ferruginous  carbonate, 
then  the  black  oxide  which  is  a  constant  elen)ent  of  the 
triple  prussiate  contained  in  this  lixivium. 

Chemists  very  soon  discovered  the  vicious  effects  of 
these  lixiviums,  although  they  did  not  at  first  perceive 
that  they  contained  two  very  difierent  ferruginous  com- 
binations :  the  carbonate  already  mentioned,  and  the 
triple  prussiate.  Several  experimenters,  even  when  they 
jaw  the  blue  they  furnished  with  the  acids,  thought  this  blue 
was  natural,  or,  in  other  words,  oxide  or  blue  of  Prussia  ; 
they  endeavoured  to  precipitate  it,  however,  without  touch- 
in"-  the  alkaline  prussiate,  which  they  thought  to  be  endow- 
ed with  the  property  of  dyeing  without  owing  it  to  the  iron. 
From  their  etVorts  arose  the  recipes  for  [)recipitaled  lixiviums 
which  we  find  in  every  bo(jk   upon   chemistry.     But    since 

'  It  i'i  tlic  mixture  of  these  same  salts  which  prepares  the  mother  waters  of 
»od;i,  for  giving  PiUSbiaubliic  when  wc  add  an  acid  to  ihcm, 
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ihc  inquiries  of  Schtclc  and  Berthollet,  we  have  ascertained 
that  these  recipes  but  impertccdy  fulfilled  the  object  in 
view  :  for  it  is  easy  to  See  that  it  was  -not  enough  to  strip  a 
lixivium  of  the  oxide  which'  the  carbonate  introduced  into  it: 
it  still  remained  to  provide  against  the  black  oxide  which 
belongs  to  the  triple  prussiate,  and  which  we  might  so  much 
the  le:?s  suppose  to  exist,  since  the  addition  of  the  acids,  with- 
out the  intervention  of  light  or  of  heat  could  not  render  seii.- 
sible  the  products  of  its  decomposition. 

1  shall  not  stop  to  analyse  the  phenomena  presented  du- 
ring the  preparation  of  the  hot  or  cold  lixiviums;  because,  now 
that  weave  well  convinced  of  the  inutility  of  the  prussiates 
with  respect  to  the  evaluation  of  the  quantity  of  iron  in  ana- 
lyses, the  details  are  of  little  hiterest ;  for  the  same  reason  [ 
pass  over  the  liquid  tests  proposed  with  anmionia,  chalk,  mag- 
n^sia^  he.,  because  they  are  themselves  triple  prussiates^  in 
^'hich  we  cannot  j)lace  confidence,  unless  we  employ  them 
in  the  same  way  a3  the  counter-proof  proposed  by  Berlhollet. 
I  shall  add,  only  because  it  is  a  fact  worthy  of  being  re- 
corded in  the  history  of  science,  that,  when  the  chemist 
would  still  take  advantage  of  a  lixivium  or  liquid  test,  which 
he  had  purified  by  means  of  an  acid,  we  may  be  assured  he 
has  not  attained  (as  he  perhaps  flattered  himself,)  the  com- 
plete separation  of  the  iron  ;  for  it  is  certain  that  every  lixi- 
vium which  gives  a  blue  colour  with  -r  solution  of  red  oxide, 
contains  also  black  oxide,  since  without  the  assistance  of 
the  same  oxide  it  could  not  be  dyeing  prussiate:  or,  in'other 
w-ords,  every  prussiate  of  potash,  wnich  has  not  been  tripled 
(trisuU)  by  the  black  oxide  ;  consequently  prussiate  of 
potass,  wheri  pure  and  simple,  is  not  capable  of  formin«- 
blu6  with  a  solution  where  the  oxide  is  at  the  marhmim  :■ — 
this  has  occurred  to  those  most  experienced  in  analytical  pro- 
cesses. It  is  a  truth  which  Scheele  has  perfectly  established. 
I  repeat,  therefore,  that  the  saturated  lixiviums  or  the  al- 
kaline prussiates  cannot  really  serve  as  a  dyeing  {teJgriant)  re> 
agent  unless  a  portion  of  black  oxide  has  rendered  them  triple 
salts,  the  red  oxide  being  by  no  means  capable  of  supply- 
ing the  place  of  the  black  oxide, for  this  purpose.  Finallv, 
we,  may  conclude  from  all  these  circumstances  that  the  al- 
kaline 
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kaline  prussiates  or  earthy  triples  should  not  for  the  future  en- 
ter into  the  class  of  reagents  useful  in  analyses,  for  this  plain 
reason,  that  they  cannot  discover  the  iron  in  any  solution, 
without,  at  the  same  moment,  adding  their  own  :  they 
ought  only  to  he  allowed  to  make  a  rigure  among  those 
which,  like  turnsole  gall-nuts,  &c.,  are  confined  to  the  class 
of  reagents  proper  for  indicating  merely  if  such  and  such 
a  principle  be  presented. 

Diluted  sulphuric  acid,  when  applied  to  the  triple  prus- 
siate,  furnishes  similar  results  with  the  muriatic.  100  parts 
of  prussiate  restore  by  this  method  from  113  to  116  of 
sulphate  of  potash.  If  we  knew  exactly  how  much  al- 
kali there  is  in  the  sulphate,  we  might  infer  from  the  esti- 
mate the  base  of  the  prussiate  of  potash.  100  parts  of 
crystals  of  prussiate  lose  ten  of  water  by  distillation. 

In  order  to  complete  its  decomposition  by  the  acids,  the 
ebullition  must  be  kept  up  at  least  half  an  hour,  in  order  to 
dissipate  the  gas  entirely,  and  to  obtain  the  complete  sepa- 
ration of  the  white  prussiate  which  is  formed  during  the 
operation. 

The  prussiate  of  potash  is  dissolved  cold  in  the  muriatic 
acid,  without  being  decomposed.  This  mixture  requires, 
according  to  Berthollet,  the  assistance  of  light  or  of  heat. 

Vinegar  assisted  by  ebullitioit  also  decomposes  it  :  the 
prussic  gas  escapes,  and  the  while  prussiate  is  formed ;  it 
does  not  become  blueish  so  rapidly  as  with  the  foregoing 
acids  :  in  short,  this  prussiate,  which  does  not  appear  e:<- 
ccpt  at  the  very  moment  when  the  ternary  combination  be- 
gins to  be  disorganized,  strongly  confirms  by  its  whiteness 
that  it  is  really  the  oxide  at  the  minimum  on\y ,  which  has  the 
privilege  of  entering  into  the  formation  of  the  triple  prus- 
siate :  this  is  one  of  those  truths  which  Schcele  has  com- 
pletely established.  Notwithstanding  this,  however,  the 
distinction  of  the  oxides  in  these  circumstances  is  a  point 
to  which  subsequent  chemists  have  not.  paid  proper  at- 
tention. 

Black  Oxide  Element  of  Prussian  Blue. — We  shall  now 
prove  that  this  oxide,  in  an  invariable  dose,  is  an  essential 
principle  in  the  constitution  of  the  triple  prussiate  ;  but   it 
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is  a  point  which  also  deserves  some  attention,  when  wc  see 
that  this  same  oxide  can  follow  the  prussic  acid  from  one 
combination  to  the  other,  without  changing  its  state  :  when 
we  see  also  this  oxide  pass  from  prii^siate  to  prussiale,  re- 
turn from  the  latter  to  the  former,  circulate  through  even 
the  most  oxidizing  medium,  without  thereby  losing  the 
stat,e  which  constitutes  it  an  oxide  at  the  jnni'imum  :  this  is 
also  a  point  in  the  history  of  prussiates,  which  in  my  opinion 
has  not  been  attcndtd  to. 

If,  for  ex  unple,^  it  would  be  correct  to  say,  thai  without 
the  assistance  of  the  black  oxide  the  prussiate  of  potash 
would  neither  be  yellow,  crystallizable,  nor  dyeing,  we 
might  assert  with  equal  truth,  that  the  Prussian  blue  could 
not  be  formed  without  the  intervention  of  this  same  oxide  ; 
and  in  fact  when,  with  a  solution  of  red  oxide  of  triple  prus- 
siate of  potash,  we  make  Prussian  blue,  the  black  oxide  of 
this  salt  passes  jointly  with  its  acid  into  the  new  combiua- 
tion  :  whence  it  follows  that  this  oxide,  element  of  the  prus- 
siates  of  potash,  becomes  so  afterwards  from  the  Prussian 
blue,  and  even  as  we  shall  show  from  all  the  other  metallic 
prussiates  wliich  are  formed  with  this  salt. 

This  black  oxide  is  found  so  solidly  interwoven  in  the 
conibination  of  Prussian  blue,  so  well  guarded  by  its  al- 
liance with  the  prussic  acid  from  all  ulterior  hyper-oxida- 
tion, that  we  never  fail  to  recover  it  in  this  blue,  such  as  it 
was  formerly  in  the  triple  prussiate  of  potash.  I  shall  go 
further  :  if  we  make  blue  with  this  prussiate  and  the  green 
sulphate,  the  oxide  of  this  last  will  rise,  as  we  know,  to  its 
maximum,  in  proportion  as  the  blue  will  be  coloured  by  the 
impression  of  the  air  ;  but  will  it  be  the  same  with  the  black 
,  oxide  which  passes  jointly  with  the  acid  in  Prussian  blue  ? 
Certainly  not.  This  oxide  will  not  renounce  the  quality  of 
'  minor  oxide  which  it  had  in  the  prussiate  of  potash  :  i.  e.  if 
during  the  exposure  to  the  air  the  base  of  the  green  sul- 
phate, and  consequently  that  of  the  white  prussiate,  is  raised 
from  28  to  48  per  cent.,  the  black  oxide,  the  inseparable ' 
attendant  upon  the  prussic  acid,  will  not  participate  in  this 
hyper-oxidation,  it  will  invariably  keep  to  its  28  per  cent. 
Not  only  the  atmosphere,  which  so  easily  raises   to  their 

maximum 
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maximum  thv  bases  of  the  sulpliate,  of  the  muriate,  and  of 
the  white  prussiate,  loses  all  its  activity  with  respect  to  the 
black  oxide  in  question  :  but  still,  neither  the  application  of 
the  boiling  nitric  acid,  nor  the  oxygenated  inuriaiic  acid,  can 
succeed  in  raising  the  oxidation  of  this  last.  These  acids 
may  in  fact  destrov  Prussian  blue,  and  even  reduce  it  to  red 
oxide  :  but  while  there  remains  some  blue  to  be  destroyed, 
this  last  will  preserve  to  the  end  the  black  oxide  in  all  its 
primitive  integrity. 

If  we  treat  the  red  oxide  with  prussic  acid,  wc  shall  form 
no  kii:  1  of  combination  ; — this  is  conformable  to  the  obser- 
vation of  Scheele  :  but  tf  we  make  use  of  black  oxide,  we 
shall  obtain  greenish  prussiate  which  the  air  will  convert 
into  perfect  blue.  The  black  oxide  enters  therefore  into 
the  combination  of  Prussian  blue.  If  this  oxide  was  not 
necessary,  or  if  the  red  oxide  could  exclusively  serve  as  a 
base  to  Prussian  blue,  v^e  do  not  see  why  this  oxide,  and 
even  its  solution,  mixed  with  simple  prussiate  of  potash, 
would  not  give  Prussian  blue. 

I  have  remarked  a  little  higher  that  the  affinity  of  the 
prussic  acid  for  this  dose  of  black  oxide,  which  renders  it 
proper  for  producing  triple  prussiate,  nughl  be  powerful 
enough  for  saving  ii  from  the  destiny  common  to  all  the  ox- 
ides which  are  combitied  with  acids  in  general. 

It  appears  to  me,  in  short,  that  we  draw  this  consequence 
from  the  following  experiment : 

Throw  into  a  flask  hydrosulphurct  of  potash  upon  Prus- 
sian blue,  and  keep  the  mixture  well  corked  :  in  a  few  days 
we  find  the  hydrosulphurct  converted  into  triple  prussiate, 
and  the  red  oxide  of  Prussian  blue  alone  changed  into  black 
hvdrosulphuret  :  and  hence  wc  see  that  if  tlK;  red  oxide  has 
followed  the  example  of  all  the  oxides  when  the  hydrosul- 
•phuret  finds  ihetn  united  to  acids,  it  is  not  so  with  the 
black  oxide,  which,  as  we  have  so  frequently  said,  passes 
from  the  triple  prussiate  of  potash  into  the  Prussian  blue. 
This  oxide,  as  it  were,  ft)rms  a  separate  stri])e;  it  never 
participates  in  the  changes  of  which  the  red  oxide  is  sus- 
tcptible,  which  is  the.  ba^e  of  Prus>ian  blue. 

il\clro-sulphurclted  water  brings  the  Prussian  blue  (o  the 
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state  of  white  priissiatc,  as  it  does  the  red  sulphate.  This 
fact  I  have  pubhslied  in  my  first  nicnloir,  and  the  power  of 
this  reagent  never  passes  bevond  ;  but  the  hydro-sulphuret 
of  potash  totally  changes  the  red  and  green  sulphates  into 
black  hydro-sulphureted  oxide.  W^hy  cannot  the  hydro- 
sulphuret  extend  its  action  to  the  black  oxide  in  question? 
There  must  be  a  singular  affinity,  and  of  which  there  are 
few  examples  in  chemistry,  which  enables  the  prussic  acid, 
fhe  weakest  of  the  acids  in  so  many  respects,  to  protect 
this  oxide  against  the  whole  power  of  the  alkaline  hydro- 
sulphurets. 

All  the  metallic  solutions  which  give  prussiates  with  the 
triple  prussiate  of  potash,  certainly  follow  the  example  of 
those  of  iron.  The  prussiates  resulting  from  il  will  preserve 
in  all  its  purity  the  black  oxide  which  the  prnssic  acid  car- 
ries with  it.  But  it  is  now  time  to  lay  before  my  readers 
the  grand  experiment  whicli  demonstrates  that  Prussian 
blue  is  a  triple  salt,  and  that  the  black  oxide,  which  had 
passed  from  the  triple  prussiate  of  potash  into  the  Prussian 
blue,  may  still  rejiass  from  the  Prussian  blue  into  the  potash, 
without  having  at  any  moment  abandoned  its  qualitv  of 
oxide  at  the  minimum. 

I  presume  that  this  experiment  is  already  anticipated  by 
those  who  have  conceived  a  clear  idea  of  the  nature  of  the 
triple  prussiate  of  potash. 

Take  a  Prussian  blue,  for  instance,  which  has  undersrone 
all  the  reactions  which  the  atmosphere  or  the  most  hi^hlv 
oxidating  acids  may  have  produced  upon  it.  Apply  pure 
potash  to  it,  and  we  shall  procure  a  lixivium  which  will  only 
give  triple  prussiate,  i.  e.  a  combination  in  which  we  shall 
find  the  prussic  acid  constantly  associated  with  the  common 
dose  of  black  oxide.  If  this  prussiate  is  really  what  1  have 
described  it  to  be,  which  the  reader  can  scarcely  doubt,  there 
will  be  no  objection,  I  think,  against  tlie  new  point  of  the- 
ory which  estalilishes  "  that  the  v/hite  or  blue  prussiates  are 
triple  combinations,  as  well  as  the  prussiate  of  potash  whici^ 
has  concurred  to  their  formation." 

From  the  potash  of  prussiate  of  manganese  there  results 
crystallizable  triple  prussiate  of  potash,  yellow,  and  prov-ided 

with 
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with  all  its  black  oxide.  This  prussiaie  of  manganese  is 
therefore  also  a  combination  tripled  [irisulce)  by  the  black 
oxide  :  the  prussiate  of  copper,  which  is  of  a  blood-red  co- 
lour, is,  without  doubt,  another  combination  of  it,  for  the 
simple  prussiate  of  copper  is  yellow. 

Seheele  assures  us,  that  other  oxides  have  also  the  pro- 
perty of  trebling  {dc  trisuler)  the  simple  prussiate  of  potash. 
1 1  is  a  course  of  inquiry  so  much  the  more  interesting,  as  it 
is  likely  to  lead  to  the  discovery  of  sotTie  colour  equally  pre- 
cious with  that  of  Prussian  blue  :  and  lastly,  we  may  con- 
clude, froiTi  all  we  have  seen,  that  there  exists  no  simple 
prussiate  of  iron,  a  kind  of  combination  of  which  other 
metals  are  nevertheless  susceptible,  as  we  shall  soon  see. 

Distillation  of  Prussian  Blue. — This  prussiate  when  ex- 
posed to  a  high  temperature  is  destroyed.  It  is  replaced  by 
new  products  which  confirm  the  theory  given  us  by  Ber- 
ihollet,  upon  the  nature  of  the  pru.ssic  acid.  We  obtain 
acid  which  escapes  its  destruction,  carbonate  of  ammonia, 
a  little  free  carbonic  acid,  and  gaseous  oxide  in  abundance  : 
one  ounce  of  (he  blue  of  commerce  of  a  good  quality  gave 
a  little  more  than  two  pints  and  a  half  of  this  gas  ;  what 
was  wanting  to  complete  the  three  pints  was  carbonic  acid. 
The  water  of  the  tub  contained  prussic  acid  fixed  by  am- 
monia. This  prussiate  follows,  as  we  know,  the  traces  of 
that  of  simple  potash  :  it  cannot  form  blue  with  solutions  of 
red  oxide  ;  but  it  gives  them  with  those  of  oxide  at  the  mi- 
nimum, because  at  the  same  moment  it  constitutes  itself 
triple  or  dyeing  prussiate. 

The  residue  weighed  five  drachtns  52  grains.  It  was  per- 
fectly black,  and  answered  to  the  magnet:  it  is  a  pvrophorus 
which  rapidly  takes  fire.  If,  after  having  preserved  it  ill  corke^ 
so  long  that  it  cannot  take  fire  ol  itself,  we  moisten  it  with 
nitric  acid  at  40  degrees  it  burns  in  a  very  lively  manner. 
I  am  inclined  to  think  that  in  this  combustion  the  iron 
burns  jointly  with  the  charcoal. 

If  Prussian  blue  has  no  alum  in  it,  we  liud  onlv  charcoal 
and  iron  in  the  residue. 

The  muriatic  acid  extricates  from  it  with  the  greatest  fa- 
cility that  aromatic  hydrogen  wliich  announces  iron  com- 
bined 
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hined  with  charcoal.  The  rest  is  pure  charcoal,  one  of  the 
flenieuts  of  the  acid  destroyed.  The  two  others,  the  hy- 
drogen and  azote,  are  employed  in  producing  ammonia.  As 
to  the  carbonic  acid  and  the  gaseous  oxide,  it  is  equally  evi- 
dent that  these  are  the  two  oxidations,  major  and  minor,  of 
the  charcoal  furnished  by  the  oxygen  of  the  two  oxides  which 
we  have  ascertained  to  exist  in  Prussian  blue. 

This  decomposition  takes  place  with  such  a  moderate  heat 
that  it  has  appeared  to  me  very  convenient  when  we  wished 
to  procin-e  gaseous  oxide.  There  is  not  the  least  ground  for 
suspecting  any  oil  to  be  present :  it  is  very  surprising  to  see 
that  in  the  course  of  a  destruction  where  charcoal  and  hy- 
drogen abound,  there  is  not  a  single  particle  of  these  com- 
bustibles which  proceeds  to  constitute  itself  in  any  of  the 
respects  which  can  forai  oil. 

The  oily  and  aromatic  character  assumed  by  the  hydrogen 
during  the  solution  of  the  residue,  also  demonstrates  that 
the  combination  of  iron  with  charcoal  docs  not  require  a 
very  high  temperature.  The  charcoal  of  the  blood  when  it 
is  obtained  by  a  very  inferior  heat,  also  contains  iron  in  a 
carbureitfd  state ;  for  with  iDurialic  acid  it  also  gives  aro- 
matic hydrogen.  I  think  Priestley  has  somewhere  noticed 
the  bituminous  smell  of  the  hydrogen  furnished  by  the  fluxes 
of  charry  substances. 

Distillation  of  the  triple  Pntssiute  of  Potash. — This  salt 
loses  ten  per  cent  of  water,  and  its  colour  also,  for  it  be- 
comes bleached ;  it  does  not  become  soft  without  a  red  heat 
being  applied.  Some  chemists  have  thought  they  discovered 
in  the  roasting  or  flux  of  it  a  method  of  taking  away  the 
oxide.  The  following  results  will  show  that  these  processes 
lead  to  nothing  useful : 

When  this  salt  enters  into  fusion,  there  escapes  a  little 
prussic  acid,  which  is  seized  by  the  ammonia  formed  at  the 
same  instant.  There  afterwards  passes  over  a  nebulous  va- 
pour, which  is  condensed  like  farina  in  the  neck  of  the  re- 
tort. This  vapour  is  not  continued  after,  when  the  flux  is 
finished,  and  the  sublimate  so  formed  has  the  alkaline  and 
bitter  taste  of  the  simple  prussiate. 

Alcohol  dissolves  a  part  of  it,  and  what  is  separated  from 

it 
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it  is  triple  prussiate  without  alleration  ;  i.  e.  the  latter  gives 
Prussian  blue  with  the  solutions  of  red  oxide,  while  the  oilier 
cannot  give  any. 

If  we  present  a  lighted  candle  to  the  beak  of  the  retort, 
the  prussic  acid  burns  alone,  and  the  carbonic  acid  pro- 
ceedinL*^  from  its  combustion  forms  with  ammonia  crvstais 
of  carbonate,  which  are  condensed  in  the  neck  of  the  retort 
a  few  lines  above  the  flame.  Let  us  now  pass  to  the  examina- 
tion of  the  fused  prussiate. 

The  mass  resembles  fused  sea-salt :  it  is  of  an  ash-gray, 
and  strongly  attracts  humidity. 

If  we  taste  a  piece  of  it,  we  do  not  discover  the  sweet- 
ness of  the  triple  prussiate,  but  an  alkaline  taste  perfumed 
with  the  bitterness  of  almond  kernel  supplies  the  place.  This 
taste  announces  already,  that  there  is  sin) pie  prussiate  of 
potash  in  this  residue.  Some  drops  of  acid  liberate  a  gas 
which  docs  not  belong  to  this  prussiate,  and  which  suggests 
the  idea  that  there  is  carbonate  of  potasli  there  also. 

Lastly,  this  mass  when  dissolved,  deposits  a  black  pow- 
der like  mica,  and  very  brilliant.  When  collected  by  the 
filter  it  is  a  mixture  of  charcoal,  jiure  iron,  and  a  little  s;d- 
jihuret  of  iron.  This  last  is  an  accidental  product  :  its  sul- 
phur proceeds  from  the  decomposition  of  the  sulphate  of 
potash,  from  which  it  is  difficult  to  purge  the  triple  prus- 
siate. This  powder  is  attracted  by  the  magnet.  A  weak 
acid  at  first  disengages  from  it  sulphureted  hydrogen  ;  after- 
wards comes  aromatic  hydrogen,  and  in  the  last  place  we 
only  find  charcoal  powder. 

Examination  of  t lie  Shlution  of  the  Residue. — Mix  with  it 
a  moderate  quantity  of  alcohol  at  25  degrees  ;  there  is  im- 
mediately formed  a  brilliant  kind  of  snow  which  may  be 
collected  by  the  filter.  When  dissolved  and  crysialiiiced,  it 
gives  yellowish  sweetish  crystals,  which,  with  muriatic  acid, 
furnish  prussic  acid  and  white  prussiate.  Here  we  have 
the  prussiate  purged  from  oxide,  proposed  by  M.  Richler. 

The  alcoholic  solution  is  distilled  almost  dry,  it  is  after- 
wards covered  with  alcohol  at  30  degrees  :   one  portion  of  it 
ii  then  dissjlvcd,  and   the   rest  falls   to   the   bottom.     The 
latter  when  examined  'm  carbonate  of  potash  with  6o\nc  re- 
mains 
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mains  of  triple  prussiate.  The  new  solution,  when  distilled, 
gives  simple  prussiate,  which  is  known  by  its  taste,  and  the 
property  of  not  giving  blue  with  solutions  of  red  oxide.  The 
above  are  the  products  which  I  found  after  the  flux  of  the 
triple  prussiate  of  potash. 

INFERENCES. 

The  triple  prussiate  cannot  support  an  elevated  tempera- 
ture without  bi uig  siniplitied  in  its  composition.  It  orets 
rid  of  the  black  oxide,  and  passes  to  the  state  of  simple 
prussiate:  but  the  latter  can  also  be  reduced  to  somethins: 
more  simple,  as  we  shall  soon  see  :  it  then  leaves  potash  in 
its  place_,  and  the  ordinary  remains  of  the  prussic  acid, 
which  are  ammonia  and  charcoal.  A  part  of  this  last  serves 
for  deoxidating  the  black  oxide,  to  reduce  it  to  iron,  and 
its  oxygen  into  carbonic  acid. 

During  these  changes  a  part  of  the  triple  and  simple  prus- 
siates succeed  in  subtracting  themselves,  in  proportion, 
without  doubt,  as  the  carbonate  makes  them  into  a  paste  :  but 
it  is  likely  that  a  long  continued  high  temperature  in  strono- 
vessels,  would  at  last  reduce  these  prussiates  to  two  binary 
combinations,  which  are  ammonia  and  carbonic  acid,  with 
potash,  iron,  and  reniains  of  charcoal,  which  the  oxvgen  of 
the  iron  and  the  humidity  was  not  able  to  acidify. 

Simple  Prussiate  <f  Potash. — It  is  obtained  by  saturating 
after  Scheele's  method  potash  with  prussic  gas  liberated  froia 
the  prussiates  of  potash  or  of  mercury;  but  it  is  more  expe- 
ditiously obtained  by  kcepina.the  alcohol  over  a  concentrated 
lixivium  of  animal  charcoal.  It  must  be  shaken  from  time 
to  time,  and  the  progress  of  the  solution  is  ascertained  from 
the  alkaline  and  bitter  taste  of  the  alcohol.  The  lixiviums 
of  charcoal  from  blood  or  leather  are  rarely  free  from  a 
little  hydro-sulphuret,  because  the  sulphate  which  conta- 
minates the  prussiates  produces  sulphur  in  them  :  some  then 
passes  into  the  alcoholic  solution  ;  but  the  charcoal  also 
contributes  to  it,  for  T  prepared  lixiviums  wiih  charcoal 
from  blood  and  very  pure  carbonate  of  potash,  -dvd  yet  I 
found  hydro  sulphuret,  although  in  a  smaller  quantity.  It 
must  not  be  forgotten  that  sulphur  has  been  already  found 
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ill  the  ammoniacal  products  of  the  blood.  It  cwn  scemrt 
that,  Hke  phosphorus,  it  can  be  fixed  in  the  charcoal,  but 
not  in  the  iron  which  it  contains  ;  for  the  smell  of  the 
aromatic  hydrogen  mentioned  above  cives  no  indication  of 
the  presence  of  sulphur. 

We  easily  recognise   the  simple  prussiate  bv   its  double 
alkalino-bitter  taste,  and  bv   the  aroma  with   which  it  fills 
the  mouth.    It  precipitates  in  yellow  the  solution  of  copper, 
and  does  not  give  blue  with  that  of  red  oxide  ;  but  it  pre- 
cipitates them  in  ochrey  yellow,  as  a  pure  alk  ::i  would  do*. 
Lastly,  it  gives  blue  with  an  ordinary  solution  of  sulphate 
of  iron,  because  there  is  at  first  constituted  triple  prussiate  : 
afterwards  '\t  gives  white  or   blue  prussiate  of  iron.     If  the 
prussiate  be  black,  it  is  because  the  alkaline  hydro-sulphuret 
introduces  hydro-sulphuretted  oxide  into  it ;  but  we  get  rid 
of  it  with  some  drops  of  acid,  and  the  prussiate  of  iron  ap- 
pears alone.     The  simple  prussiate  cannot  be  well  preserved 
except  in  a  closed  flask.     Scheele  has  shown,  that   the  car- 
bonic acid  is    sufBcient   for  separating  it  from   the   potash 
w  hile  its  afllnities  are  feeble ;  when  the  black  oxide  is  not 
united   with  it,    concentrated  it  refuses  to  crystallize  and 
runs  into  a  mass,  in  which,  however,   we  distinguish  some 
saline  laminae. 

This  prussiate  is  the  test  liquor  proposed  by  Scheele.  Its 
utility  in  analysis  is  not  limited,  since  all  solutions  the  iron 
in  which  is  at  the  max'nmim,  (and  this  is  most  frequent,) 
are  not,  as  he  hass  himself  shown,  by  any  means  sensible  to 
this  reagent.  In  order  to  employ  it  carefully,  we  must  bring 
l)ack  to  the  minimum  a  part  of  the  oxide  of  the  solutions  : 
this  is  not  always  easy,  nor  without  danger  of  increasing  the 
ditlftcultles  of  the  experiment. 

Its  Decomposition. — Theaqueous  solution  of  this  prussiate, 
on  being  boiled,  abandons  a  part  of  its  acid  :  which  demon- 
strates  sufficiently    that   this  combination  is   neither  solid 

*  In  ;i  iTiemoir  I  wrote  upon  Siti^ijua  stoue,  I  announced  this  union  as  being' 
liiulaole ;  but  I  now  find  it  was  a  mistake.  A  suipiiate  of  iron  which  I  had 
hvper-oXivated  by  the  nitric  acid,  and  which,  nevertheless,  retained  some 
remains  of  bluck  oxide,  deceived  me;  and  Schee'e,  whom  I  contradicted  in 
tlri»  re^pert,  saw  more  clearly  ilum  1  did. 
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nor  comparable  to  any  of  those  formed  by  the  oxygenated 
acids.  It  froths  conthiually,  and  has  something  saponaceous 
in  its  apjjcarance.  A  lighted  candle  brought,  near  the  beak 
of  the  retort  burns  this  portion  of  acid  :  but  the  loss  is  not 
confined  to  this  ;  the  acid  which  this  salt  retains  more 
strongly,  by  the  help  of  the  potash  which  begins  to  p4-edo- 
minate,  also  undergoes  by  the  effects  of  heat  a  slow  de- 
struction, which  converts  it  into  ammonia  and  carbonic  acid. 
At  whatever  period  of  the  ebullition  we  take  the  product,  we 
always  find  carbonate  of  anniionia  in  it  mixed  with  a  little 
prussicacid;  and  latterly,  when  the  water  begms  to  disap- 
pear, this  carbonate  is  condensed  in  spiculce  in  the  neck  of 
the  retort. 

If  vve  add  more  water  in  order  to  continue  the  ebullition, 
these  same  products  are  found  iu  the  water  of  the  receiver. 
But  after  four  or  five  successive  and  similar  distillations,  we 
rease  to  perceive  them,  although  the  saline  residue  still  con- 
tains prussic  acid  in  a  sensible  degree. 

It  must  then  be  dissolved  with  alcohol  :  part  of  it  is  dis- 
solved, and  the  other  totally  resists  its  action.  In  the  al- 
coholic liquor  we  in  fact  find  prussiate  of  potash,  but  the 
saline  mass  undissolved' is  nothing  else  but  carbonate  of  pot- 
ash. The  object  of  the  two  following  experiments  was  to 
remove  all  doubt  as  to  the  destruction  of  the  simple  prus- 
siate by  the  heat  of  ebullition  alone. 

This  prussiate  does  not  disturb  the  muriate  of  lime:  but 
that  which  has  undergone  a  long  ebullition  precipitates  it 
abundantly  in  calcareous  carbonate.  There  is  a  transforma- 
tion therefore  of  prussiate  into  carbonate  of  potash. 

Two  quantities  of  prussiate,  the  one  altered  by  a  lon^ 
ebullition,  and  the  other  entire,  were  employed  to  precipi- 
tate ordinary  sulphate  of  iron.  Both  gave  a  blue  colour;  but 
after  being  revived,  the  former  quantity  occupied  three  times 
less  room  than  the  latter. 

If  we  make  dry  simple  prussiate  red-hot,  there  exhales 
carbonate  of  ammonia  accompanied  by  an  oleaginous  vapour 
resembling  that  of  hartshorn.  The  saline  mass  when  dis- 
solved, separates  charcoal,  and  it  is  still  carbonate  of  potash 
mixed  with  some  indecomposed  prussiate. 

Z  2  INFEBENCKS. 
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INFi  RENCFS. 

All  these  results  certaioJy  bear  us  out  in  the  conclusion, 
that  the  simple  prussiate  of  potash  is,  as  Schcele  has  already 
discovered,  a  fragile  combination,  the  elements  of  which 
are  as  easily  separated  as  thope  of  complex  combinations.  We 
find,  in  short,  that  a  part  of  the  acid  is  removed  from  the 
potash  by  the  sole  force  of  dilatation  ;  while  the  other  part, 
which  is  longer  subjected  to  the  action  of  caloric,  is  de- 
stroyed in  order  to  be  changed  into  ammonia  and  carbonic 
acid.  Let  us  now  make  the  application  of  this  conclusion. 

The  triple  prussiate  of  potash  undergoes  no  derangement 
by  repeated  ebullitions.  The  lixiviums  employed  in  the 
manufacture  of  Prussian  blue  contain,  as  we  shall  i)resenlly 
sec,  triple  prussiate  and  simple  prussiate.  Besides,  there  is 
no  ammoniacal  salt  in  them.  We  are  of  opinion,  that  the 
great  excess  of  carbonate  of  potash  which  they  contain 
would  not  admit  of  their  presence ;  but  they  exhale  am- 
monia while  in  a  state  of  ebullition.  From  whence  could 
this  ammonia  proceed,  if  it  was  not  from  the  decomposition 
of  the  simple  prussiate?  We  may  therefore  conclude,  that 
the  boiling  or  concentration  of  the  lixiviums  exposes  them 
to  be  deteriorated  by  the  destruction  of  this  same  prussiate, 
which  we  cannot  too  much  preserve  :  and  as  the  carbonate 
of  potash  is  also  one  of  the  principal  results  of  this  destruc- 
tion, it  does  not  cease  to  add  to  what  is  already  there. 

Curadeau  was  well  aware  of  the  deterioration  which  tiie 
boiling  of  the  lixiviums  produces,  and  he  very  happily  pre- 
vented the  bad  effects  by  adding  a  little  sulphate  of  iron  to 
them.  This  is  confermable  to  Schcele's  principle,  who  has 
•hown  that  the  simple  prussiate  changes  into  trii)le  prussiate 
as  soon  as  it  can  be  associated  with  a  portion  of  black  oxide, 
and  thereby  be  guarded  against  decomposition.  As  to  the 
products  from  the  destruction  of  the  prussiate  by  fusion  or 
by  ebullition,  there  is  certainly  nothing  extraordinary  iu 
them,  since  it  is  sufficient  to  know  the  nature  of  tlie  prus- 
sic  aeid  in  order  to  prevent  them  ;  but  it  is  not  so  with  re- 
spect to  the  carbonic  acid  which  is  presented  during  one  of 
these  destructions.  Whence  comes  the  oxygen,  for  example, 
which,  during  the  ebullitiuu  of  the  aqueous  prussiate,  suc- 
ceeds 
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cecds  in  acidifying  the  charcoal  of  the  prussic  acid  ?  P^ither 
this  oxygen  wil)  be,  Hkc  hydrogen,  azote  and  carbon,  one 
of  the  constituents  of  the  prussic,  and  which  is  destroyed  ; 
or  it  must  be  supposed  that  there  is  a  decomposition  of 
water.  It  is  not  time  yet,  as  I  think,  to  choose  Ijetween 
these  two  opinions ;  but  until  we  have  some  more  hght  on 
the  subject,  I  shall  say  that  if  we  reflect  on  the  circumstances 
accompanying  the  production  of  the  prussic  acid,  we  shall 
adopt  in  the  mean  time  the  opinion  of  Bcrthoilet  in  preference 
to  every  other  hypothesis.  "It  appears  difficult,"  says  that 
author,  *'  to  suppose  ilie  existence  oi"  oxygen  in  a  substance 
which  contains  elements  so  disposed  to  form  peculiar  com- 
binations with  it,  as  hydrogen  and  carbon  arc,  and  which 
can  frequently  support  so  great  a  degree  of  heat,  without 
undergoing  decomposition."  In  truth,  in  order  to  admit 
that  this  ac;d  is  an  oxvgtnated  product,  we  ought  to  supj-iose 
that  such  an  acid  is  capable  of  disputing  the  oxygen  with 
the  carbon  which  envelops  it  on  all  hands,  and  we  can- 
not do  less  than  place  it  at  the  head,  not  of  the  acids,  but 
of  the  oxides,  which  are  known  to  be  the  most  difficult  of 
reduction. 


L.   Some  Account  of  a  remarkahle  Case  of  Tetanus  *. 

fe»  C,  aet.  22,  thin  and  delicate,  a  glass-cutter  by  trade, 
says,  that  he  accidentally  trod  on  a  nail  which  penetrated 
the  bottom  of  his  foot  about  half  an  inch. — Tt  inflamed, 
continued  painful  two  or  three  days,  and  then  healed  without 
further  trouble. 

Nine  days  after  the  puncture,  he  was  attacked  with  pain 
in  his  bowels,  with  frequent  and  cppious  evacuation  by 
stool.  This  complaint  continued  till  the  next  day  at  noon, 
when  it  ceased,  biit  left  him  much  weakened  by  the  purging. 

11th  day. — Still    sensible  of  weakness.     In  the  evenintT 
returning  from  his  work  he  got  wet  through  his  clothes. 
-     1 2th  day. — Obliged  to  put  on  his  wet  clothes  in  the  morn- 
ings and  in  returning  to  his  work  was  again  drenched  with 

*  Communicated  by  Jolm  Taunton,  Esq, 
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rain.  He  changed  his  jacket  in  the  forenoon,  b'jt  !  cpt  the 
rest  of  his  wet  clothes  on  the  whole  day.  In  the  evcn'ng 
he  suddenly  found  a  stiffness  accompanied' with  pain  attack 
the  muscles  of  the  neck,  extending  dou  nwards  to  vhe  loins, 
and  anecting  the  muscles  round  the  shoulder  so  much  that 
lie  felt  much  pain  on  attempting  to  elevate  his  arms  :  he  also 
experienced  some  little  difficulty  in  opening  the  mouth.  lie 
passed  a  restless  night,  and  the  next  day, 

13lh  day, — His  complaints  were  more  trouhltsomc, 
though  they  did  not  prevent  him  from  follo\A'ing  his  work, 
While  pursuing  it,  however,  he  felt  occasionally  a  consider- 
able sensation  of  weight  in  hiS  stomach,  accompanied  with 
that  of  a  tightness  round  his  body,  as  if  it  were  girt  or  com- 
pressed by  a  cord  tied  tightly  round  it.  He  had  also  much 
difficulty  in  bending  his  body  forward. — Little  rest  at  night. 

3d  day  of  the  symptoms. — The  stiffness  in  the  muscles  of 
the  trunk  was  now  so  considerable  as  altogether  to  prevent 
the  stooping; — he  also  experienced  much  pain  in  the  part  af- 
fected. Towards  evening  the  pain  in  the  region  of  the 
stonjach  was  very  violent,  and  the  general  stiffness  more 
urgent. — His  body  was  (to  use  his  own  expression)  as  stiff  as 
a  poker  :  and  at  times  he  felt  his  head  drawn  forcibly  back- 
wards.— In  the  night  he  was  still  more  restless. 

4tli  day. — All  his  complaints  were  aggravated, — the  re- 
curvation of  the  head  and  spine  being  more  frequent  and 
the  stiffness  of  the  muscles  more  general.  In  the  evening 
the  sensation  of  a  load  at  the  stomach  was  so  distressing  that 
he  took  a  dose  of  antimonial  wine,  but  it  did  not  operate. — 
His  jaw  had  now  gradually  so  much  closed  that  his  food 
could  scarcely  be  introduced  between  his  teeth. — I'assed  a 
very  bad  night,  and  on  the 

5th  day, —  Being  totally  unable  to  work,  he  came  to  the 
Hospital.  He  now  complains  of  a  stiffness  at  the  lower  part 
of  the  sternum,  with  a  difficulty  in  breathing.  His  mouth 
is  almost  closed,  the  neighbouring  muscles  appearing  rigitl 
to  the  eye'  as  well  as  to  the  touch,  but  particularly  the  ster- 
no-n)astoid  of  the  left  side,  so  that  he  moves  his  head  to  the 
rikiht  with  much  more  ease  than  to  the  left. — He  feels  no 
difficulty  in  swallowing,  but  cannot  easily  get  food  into   his 

mouth. 
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mouth. — He  last  night  was  seized  for  tb.e  llrst  time  with 
spasms  in  the  back  part  of  the  leg?,  his  eyes  were  nearly 
closed  by  a  glutinous  discharge. — P.  78.  His  countenance 
is  like  one  who  had  taken  something  too  sour  for  the  taste: 
and  he  sits  fixed  as  a  statue,  except  that  short  and  sudden 
spasms  at  different  parts  of  the  body  occasionally  come  over 
him.  In  the  afternoon  his  complaints  appeared  more  aggra- 
vated.— He  was  plunged  into  the  cold  hath,  and  being  cos-; 
tive  a  stimulating  enemawas  administered  and  he  took  3j.  of 
calomelj — he  was  also  directed  to  drink  freely  of  sherry  wine 
during  the  night. 

fith  day. — Passed  a  quiet  night. — The  clyster  soon  pro- 
cured one  copious  stool. — P.  102.  Much  heal  on  the  skin. 
The  abdominal  muscles  verv  rigid  ^*  hesitation  in  repeating 
the  cold  bath  :  as  tlie  calomel  had  not  operated,  its  action 
was  invited  by  another  .enema,  which,  however,  producing 
no  evacuation,  lie  was  agahi  plunged  into  the  cold  bath  at 
one  o'clock.  He  has  occasionally  had  an  involuntary  spasm 
of  the  tongue  which  thrusts  it  between  his  teeth,  the  jaw  at 
the  same  time  closing  upon  it.  After  the  bath  his  pulse  was 
SS  and  the  muscles  about  the  neck  were  much  relaxed. — Can. 
vini  rubri  ibj.,  cum  pulv,  cinch,  ^l-j  quotidie.  During  the 
day  he  had  slight  paroxysms  of  opisthotonos.— Six  o'clock, 
was  again  immersed  in  the  cold  bath  while  his  body  was 
covered  with  a  profuse  perspiration. 

7th  dav. — He  passed  a  quiet  night  (except  that  during 
sleep  his  tongue  was  twice  or  thrice  thrust  qut  between  his 
teeth).  He  went  i.nto  the  cold  .bath  this  morning  at  eight 
o'clock  in  the  midst  of  a  profuse  perspiration,  and  was  much 
composed  after  it,  and  says  he  is  better.  He  contuiues  to 
open  his  mouth  with  less  difficulty  and  moves  his  tongue. 
The  abdominal  muscles  are  tense,  particularly  the  lower  part 
of  the  recti,  and  he  occasionally  feels  spasms,  which  from 
his  description  appear  to  be  in  the  diaphragm.  His  appetit?, 
his  urine,  and  stools  are  all  natural, — has  slept  nearly  three 
hours  this  niorniug.  He  went  into  the  cold  bath  again  this 
d.ay  at  one  o'clock  in  the  afternoon,  and  again  at  six.  After 
this  third  immersion  he  became  more  uncomfortable;  savs 
his  muscles  arc  stifTcr,  those  of  the  belly  are  extremely  rioid 
Z  1  and 
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and  ihe  region  of  the  sttmiach  very  painful :  he  therefore 
took  60  drops  of  T.  opii  in  a  gloss  of  wine.  At  eight  o'clock 
a  most  violent  spasm  of  the  abdominal  muscles  came  on,  and 
those  ol  the  back  were  afil-cted  to  that  degree  as  t<jrcibly  to 
incurvate  the  spine.  Iiiiniediatclv  were  repeated  the  opiate 
draught  with  5]  aeth.  vitr.  Alter  this  he  soon  fell  into  a 
quiet  sleep  which  lasted,  with  little  interruption,  for  ten 
hours, 

Sth  day. — Ten  o'clock — P.  06.  Says  he  is  better:  still 
drow.^y,  and  complains  of  general  stiffness,  biii  no  pam.-^ 
Cold  bath  repeated. — Ten  o'clock  mid-uay,  his  pulse  moderate, 
and  pains  considerably  abated; — he  has  more  c^mmind  over 
his  tongue.  At  nine  o'clock  in  the  evening  the  spasms  of 
the  abdomen  returned,  with  less  violence,  however,  than  on 
the  preceding  evening.  The  cold  bath  was  immediately  had 
recourse  to,  and  having  afterwards  swallowed  aeth.  vitr, 
cochl.  parv.,  tinct.  opii  gtt.  80_,  vini  ^\.,  pulv.  cincn.  5j.,  he 
fell  asleep  and  passed  a  comfortable  night. 

9th  day. — His  countenance  has  in  seme  measure  relaxed 
from  that  particular  appearance  which  has  been  remarked. 
It  was  determined  to  endeavour  to  anticipate  the  spasms  this 
evening  by  administering  the  bath  and  medicines  before  the' 
probable  hour  of  their  return.  Two  or  three  hours,  how- 
ever, before  that  time  a  very  slight  exacerbation  came,  on,  and 
after  a  similar  treatment  with  that  of  yesterday  evening  he 
fell  into  a  quiet  sleep. 

10th  day. — After  eleven  hours  sleep  the  bath  was  re- 
peated this  morning,  his  appetite, &c.  remain  entire. — P.  80. 

About  eight  in  the  evening  the  cold  bath  was  repeated 
with  the  usual  opiate  draught  ; — about  ten  he  awoke  with  a 
circumscribed  pain  at  the  bottom  of  the  abdomen  on  the 
right  side,  which  was  tender  and  could  be  covered  with  the 
palm  of  the  hand  :  60  drops  more  of  opium  were  given  by  the 
attendant,  but  the  pains  increasing,  a  blister  was  applied  at 
iniditight,  and  a  clyster  was  thrown  up  with  120  drops  of 
T.  opii.  He  now  takes  daily  sherry  tbij. — port  Jbj.,  pulv. 
cinch.  3j-j  a;th.  vitr.  3VJ. ;  etT.opii  nocte — Bain.  Ipgid.  n. 
el.  m. 

11th  day. — An  intolerable  pain  in  the   epigastric  region, 

v.'ith 
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with  strangury  from  the  blister,  has  entirely  prevented  sleep 
through  the  nii^ht  :  this  pain  was  particularly  urgent  during 
the  latter  part  of  the  day,  and  the  only  relix-f  he  found  was 
from  the  continued  pressure  of  his  wife's  hand  (who  stood 
by  him)  on  the  part.  At  seven  o'clock  in  the  evening  he 
begged  to  go  to  the  cold  bath  ;  after  the  use  of  which  the 
spasm  and  the  pauis  abated. — His  opiate  increased  to  100 
drops. 

li'th  day. — Has  passed  a  good  night; — universal  stiffness 
much  increased  :  the  pain,  having  removed  from  \ue  epigas- 
tric to  the  inguinal  region,  was  again  dispelled  Lv  the  cold 
bath. 

13th  day. — Passed  a  tolerable  night ; — says  that  the  at), 
dominal  pains  have  descended  into  his  thighs.  The  mus- 
cles of  his  face  are  in  a  very  slight  degree  relaxed  from  their 
first  state,  and  the  skin  of  that  part  is  covered  v,ith  a  greasy- 
looking  perspiration.  His  body  is  sufficiL-ntly  opor.cd  and 
his  appetite  very  good. 

In  the  evening  an  eruption  of  the  miliary  kind  was  ob- 
served (this  had  made  its  appearance  on  the  1 0th  day)  on  his 
skin, — it  was  preceded  by  a  pricking  sensation;  it  appeared 
first  in  the  neck,  and  now  covers  the  whole  body.  Opiate 
increased  to  120  drops. 

14th  day. — The  disease  appears  evidently  to  be  yielding  ; 
the  internal  pains  of  the  abdomen  having  sunk  into  the  lower 
extremities,  and  the  stiffness  of  his  limbs  bein<i  so  far  over- 
come that,  with  very  little  support,  he  is  able  to  walk  a  few 
paces. 

15th  day. — He  can  now  walk  several  yards  without  any 
support,  can  move  his  head  and  arms  with  more  freedom, 
and  is  in  all  respects  much  better  than  hitherto,  except  that 
he  is  very  little  improved  in  respect  of  being  able  to  open 
his  raouth.  It  is  observable  that  he  sleeps  much  ;  and 
more  particularly  after  the  batii.  Dose  of  opium  this  even- 
ing was  1  yO  drops. 

I6ih  day. — Much  the  same. 

17th  day.— Occasional  spasms  between  his  feet  and  upper 
part  of  his  tliighs,  which  are  violet^t,  bvit  of  short  continu- 
jince. 

The 
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The  T.  opli  has  bten  gradually  lowered  to  100  drops  ;— it 
is  directed  to  be  diminished  five  drops,  o.  n. 

IjBlh  day. — Awoke  last  niglii  by  biting  his  tongue.  The 
eruption  before  nicntiou'^d  i,s  now  disappearing  ; — says  he  is 
much  better. 

igth  day. — Has  had  no  spasm  during  the  last  24  hours— 
P.  75..  T.  opii  grad.uaiiy  brought  down  to  80  drops. 

20th  day. — Opens  his  niouth  much  easier  than  hitherto — 
very  slight  spasms  occasionally  in  the  night. 

21st day.' — Eruption  has  now  disappeared. — Generallycon- 
fjdered  as  out  of  danger, 

22d  day. — Spasms  in  the  left  arm  and  thigh  in  the  course 
of  the  preceding  night,  and  also  of  the  tongue  and  muscles 
pf  the  jaws. 

e4th  day. — Moves  his  netk  n)uch  more  easily  than  he 
has  ever  yet  done  ;  and  this  day,  for  the  first  time,  he  got 
ijp  from  bed,  was  dressed,  and  ale  his  dinner  in  that  situation. 

26th  day. — The  upper  part  of  the  right  sterno-mastoid  very 
h^rd  to  the  touch.  The  muscles  in  general  soft; — takes  now 
only  70  drops  tinct.  ojjii, 

;  It  appears  that  the  muscles  of  the  tongue  and  jaws  are 
almost  the  only  parts  that  have  now  for  some  time  been  in 
any  considerable  degree  affected ;  it  appears  also  that  the 
intcguinents  of  that  neighbourhood  arc  alone  subject  to 
sweating,  wliieh.has  ceased  from  tlie  other  parts  in  propcn- 
tion  as  the  spasms  havesubsided. 

In  regard  to  the  eflect  of  th?  cold  bath :  Its  regujar  effect 
seems  to  be  that  of  producing  sleep  and  a  great  degree  of 
pcrspiratiini, 

29th  day. — Spasm  of  the  tongue  more  frequent  than  for 
some  preceding  nights. 

30th  day. — Being  now  able  lo  open  his  mouth  with  con- 
siderable freedom,  complaining  only  of  slight  stifincss  in  the 
s-terno-mastold  muscles,  and  being  able  to  walk  with  little 
iuconvenic  nee,  it  was  thought  proper  to  relax  in  his  mode  of 
treatment. 

Utat.  bain,  frigid,  seniel  in  die.  Cap,  mist,  einch.  \in. 
rubr.  confect.  et  teth.  vilr.  51.  4  die  bibat  eerc\is.  fcnt.  Ibij, 
•piotid. — a  j^lassof  sherry  occasionally. 

3 1  st>- 
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31st. — The  opiate,  which  ought  to  have  been  55  drops,  was 
aceidcntally   omitted,  however  he  passed  a  good  night,   and 
this  morning  walked  by  himself  to  the  bath. 

From  this  time  his  complaints  gradually  left  him  :  but 
when  ihc  stiffness  of  the  muscle?  had  entirely  ceased,  the 
puncture  in  the  foot  became  painful,  and  the  cicatrix  opened. 
It  was  troublesome  two  or  three  days,  and  then  l\ealed  with- 
out its  being  known  that  any  extraneous  body  had  been  ex- 
pelled from  it. 


LT.  Beport  of  Surgical  Cases  in  the  Cily  and  Finslury 
Dispensaries,  for  July,  ^ugnst,  and  September,  1808. 
i'Vith  the  Terjnination,  and  Appearances  on  Dissection,  of 
the  Case  of  Dropsy  in  the  Ovarium,  referred  to  in  p.  86. 
By  John  Taunton,  Esq. 

Jln  July,  August,  and  September,  there  were  aJnilttcd  on  the 
books  of  the  City  and  Finsbury  Dispensaries  (jgs  sur£;ical 
patients. 

Cured  or  relieved  —         55G 

Died  _  _  3 

Under  cure  —         139 

698 

October  23. — The  patient's  pulse  was  1-20,  and  thrcadv ; 
her  countenance  dejected  ;  the  pain  was  now  extended  over 
the  whole  abdomen,  particularly  in  the  part  where  the  punc- 
ture was  made.  Symptoms  of  inflammation  seem  to  have 
come  on. 

24. — The  pain  increased;  the  patient  had  obtained  no 
sleep  ;  she  exhibited  great  anxiety,  and  the  symjitoms  were 
attended  with  diarrhoea,  and  the  stomach  rejected  whatever 
\yas  administered. 

P:.  Mist.  cret.  cum  tinct.  opii ;  pil.  opii  omni  nocte. 

26. — Pulse  100,  and  much  fuller;  stomach  not  so  irritable; 
the  diarrhoea  is  less,  and  the  pain  greatly  abated  ;  but  the  pa- 
tient experiences  great  inconvenience  from  the  increased  bulk^ 

l^epetantur  med.  ct  pil. 

From 
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From  the  eoth  to  the  31st  she  was  nuich  better.     On  the 
:-)lsl  she  sat  uj)  in  bed,  and  seemed  inclined  to  have  the  ope- 
ration performed.     The  medicines  were  repealed. 
Nov.  3. — Pulse  SO,  and  regular. 

8.  She  appeared  much  belter,  and  seemed  lo  be  desirous 
cf  having  the  operation  performed. 

10. — About  ten  o'clock  this  morning  she  was  more  un- 
easy, and  sat  up  some  time.  On  going  to  bed  she  slept  some 
hours.  Her  voice  had  changed,  and  her  eyes  had  assumed 
a  different  appearance.  She  continued  uneasy  until  about 
two  o'clock  P.  M.  when  she  died. 

12.  The  body  was  examined  in  presence  of  Dr.  Squire, 
Dr.  Liddcrdale,  Mr.  Grove,  Mr.  Taylor,  and  niyself. 

We  were  informed  by  her  friends,  that  she  had  been  mar- 
jied  two  years,  but  never  had  any  children.  She  was  thought 
to  have  been  pregnant  at  the  commencement  of  the  disease. 
The  tumour  was  encysted,  and  reached  close  to  the  scrobi- 
culus  cordis ;  the  surface  was  irregular,  and  bore  macks  of 
recent  in^amniaiion.  The  omentum  adhered  to  the  upper 
and  anterior  surface. 

About  four  (juarts  of  a  glary  fluid  was  found  external  to 
the  tumour  at  the  upper  part,  with  a  considerable  quantity  of 
purulent  matter.  The  viscera  were  obscured  by  the  tumour, 
except  a  small  part  of  the  omentum  and  colon  to  which  it 
■was  attached.  The  diaphragm  was  raised  so  high  that  its 
convex  part  reached  to  the  third  true  rib,  and  the  superior 
part  of  the  liver  and  stomach  were  opposite  to  the  fourth 
true  rib,  so  that  a  very  small  space  was  left  in  the  cavity  of 
the  thorax  for  the  action  of  the  lungs. 

The  tumour  consisted  of  several  cysts,  from  the  larf^est  of 
tvhich  about  eight  quarts  of  a  glary  tenacious  fluid  were 
taken.  One  of  the  smaller  cysts  contained  a  fluid  as  hmpid 
as  water.  Oihcrs  contained  a  glary  and  Jihrons  substance, 
which  could  scarcely  be  pressed  from  the  surrounding  parts. 
Large  irregular  masses  were  ob5er\Td,  part  of  them  in  a  state 
of  suppuration. 

Over  the  anterior  part  of  the  tumour,  and  on  the  right 
side  a  thick  opaque  substance  was  expanded,  which,  on  dis- 
section,   proved  to  be  the  utcru^,  but  so  changed  in  its. 

structure 
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structure  and  figure,  that  its  parts  were  scarcely  distinguish- 
able :  this  reached  from  the  pelvis  to  the  umbilicus,  and 
extended  about  five  inches  in  each  side  of  the  linea  alba  ;  the 
Fallopian  tube,  round  ligament,  and  ovarium,  on  the  right 
side  were  evident.  The  uterus  was  so  altered  that  its  cavity 
could  not  be  traced  :  the  os  uteri  and  posterior  part  of  the 
vagina  were  lost  iu  the  diseased  part,  and  no  trace  of  them 
existed. 

On  cutting  through  the  anterior  part  of  the  uterus,  its  sub- 
stance seemed  to  have'  degenerated  into  a  diseased  mass  of 
small  irregular  cysts,  terminating  in  the  large  suppurated 
masses  before  noticed.  The  liver  adhered  to  the  peritoneum  ; 
its  surface  bore  strong  marks  of  remote  inflammation  ;  the 
stomach,  intestines,  peritoneum,  and  spleen,  all  had  the 
appearance  of  inflammalion. 

In  the  operation  on  the  2i2d  of  October  (see  the  former 
Report)  the  instrument  had  passed  into  one  of  the  large  ir- 
regular masses  which  was  contained  in  a  cyst  full  of  a  ihick' 
viscid  fibrous  substance  ;  but  it  should  seem,  that  if  the  in-« 
strument  had  been  of  sufficient  length  to  have  perforated  the 
posterior  part  of  that  cyst,  and  to  have  entered  the  large  one, 
several  quarts  of  a  viscid  Huid  would  have  escaped;  or,  if  the 
operation  had  been  performed  at  the  scrobiculus  cordis,  the 
fluid  external  to  the  sac  would  have  been  evacuated,  as  was 
suggested  at  the  time. 

Although  the  dissection  of  this  case  proves  that  some  re- 
lief might  have  been  obtained  by  a  trocar  and  canula  eight 
inches  long,  in  order  to  perforate  the  largest  cyst;  yet,  from 
the  extent  of  the  disease,  the  operation  would  in  all  proba- 
bility have  been  succeeded  by  violcut  inHammation,  w4iich 
would  have  proved  fatal,  as  the  parts  did  not  possess  elasti- 
city enough  to  regain  their  original  situation  ;  neither  could 
artificial  pressure  have  supplied  the  want  of  support  occa- 
sioned by  the  evacuation  of  tiic  fluid,  which  would  have  been 
upwards  of  three  gallons.  John  Tal'ntox, 

Greville  street,  Hatton  Garden,     Surgeon  to  the  City  and  Finsbiiry  Dlspen- 

Nov.  '_'8,  1803.  s;irie3,  and  Citylrus^  Society,  Lecrurec 

on  ^\natomy,  Surgery,  Piiysiology,  &C. 

Note, — The  preparation  of  the  above  dissection  is  pre- 
served in  my  rauseuin. 

LII.  Pro- 
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LI  I.   VrocecJ'mgs  of  Learned  SocJeilcs. 

FOVAL    SOCIKrV. 

JNovRMRF.n  30. — Fielng  St.  Andrew's  day,  the  Royal  So-» 
fiety  held  their  anniversary  meetin<r  at  their  apartments  in 
Somerset-place,  when  the  president,,  the  right  hon.  Sir 
Joseph  Banks,  bait.  K.B.,  in  the  name  of  the  Society,  pre- 
sented the  gold  medal  (called  Sir  GodtVey  Copley's)  to  Wil- 
liam Henry,  M.D.,  for  his  various  papers  communicated  to 
the  Society,  and  printed  in  the  I'hilosophical  Transactions. 

The  Socicry  then  proceeded  to  the  choice  of  the  council 
and  officers  for  the  ensuing  year ;  when,  on  examining  the 
ballots.  It  appeared  that  the  following  gentlemen  were  elect- 
ed of  the  council  : 

Of  the  old  council — The  right  hon.  Sir  Joseph  Banks, 
bart.  K.B.,  Sir  Charles  Blagden,  Knt.,  Henry  Cavendish, 
esq.,  Humphry  Davy,  esq.,  John  Gillies,  L.L.D.,  right 
hon.  Charles  Greville,  William  Marsden,  esq..  Rev.  Ncvil 
Maskelyne,  D.D.,  George  Earl  of  Morton,  John  Rennic, 
esq.,  Wm.  Hyde  Wollaston,  M.D. 

Of  the  new  council — Edward  Ash,  M.D.,  Frederick  An- 
gustus  Barnard,  esq.,  John  Blaekburne,  esq.,  Samuel  Good- 
enough,  Lord  Bishop  of  Carlisle,  Thomas  Earl  of  Chiches- 
ter, Henry  Hugh  Hoare,  esq.,  Sir  Richard  Colt  Hoare, 
bart.,  John  Lord  Sclsey,  VVilTum  Sotheby,  esq.,  Sir  John 
Thomas  Stanley,  bart. 

And  the  officers  were — The  right  hon.  Sir  Joseph  Bank«, 
bart.  K.B.,  president — William  Marsden,  esq.,  treasurer — 
Wm.  Hyde  W^oliaston,  INLD.,  and  Humphry  Davy,  esq., 
secretaries. 

Afterwards  the  iTiembcrs  of  the  Society  dined  together,  as 
usual,  at  the  Crown  and  Anchor  Tavern,  in  the  Strand. 

On  delivering  the  Coplevan  medal  to  Mr.  Davy,  to  be 
by  him  transmitted  to  Dr.  Henry  of  Manchester,  the  pre- 
sident, with  his  usual  eloquence,  expatiated  at  considerable 
length  on  the  propriety  ol  the  decision  of  the  council,  and 
the  meritorious  and  successful  researches  of  Dr.  Henry  in 
chemistry,  pursuiug  the  same  course  in  which  his  father  so 

^•-/pily 
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Ivappily  led  the  wav.     The  right  hon.   baronet   then  took  a 
view  of  the  various  papers  furnished  to  the   Society  by   this 
phih)Sopher  in    1797,    1600,  and    1S08;  and  coiichjded  by 
stating  that  Dr.  Henry,  with  tlie  most  patriotic  views,  is  now 
devotmg  every  moment,  not  engaged  in  professional  duties, 
to  an  investigation  of  muriate  of  soda,  in  order  to  ascertain 
the  real  nature  of  this  useful  article,  and  develop  the  cause 
why  that  of  our  own  manufacture  is  not  so  eftectual  in  pre- 
serving lish,  as  the  salt  of  warmer   climates.     The  success 
which  has  hitherto  crowned  his  labours  in  this  important 
research,  induces  him  to  hope  that  he  will  be  able  to  ascer- 
tain the  true  cause  of  the   difference  between  English  and 
foreign  salt,  and  to  point  out  the   means  of  remedying  its 
defects,  and  improving  this  important  part  of  our  manufac- 
tures.    The  president  then  congratulated  the  Society  on  the 
rapid  progress  of  science,  and  the  general  tranquillity  in  the 
British  dominions,  while  the  nations  on  the  Continent  are 
involved  in  miserv  and  sanguinary  war: — and  reverted  to  the 
brilliant  discoveries  of  Mr.  Davy,  which  have  shed  a  lustre 
on  the  present  age. 

Dec.  8.  The  president  in  the  chair. — A  letter  from  Dr. 
Henry  to  Mr.  Davy,  on  the  existence  of  oxygen  in  ammo- 
niacal  gas,  was  read.  Dr.  H.  inserted  two  pieces  of  platina 
wire  in  straight  tubes  of  glass  hermetically  sealed,  placed 
them  in  a  glass  globe,  and  made  the  galvanic  fluid  pass  over 
the  ammonia,  when  a  considerable  portion  of  oxygen  gas 
(about  six  per  cent)  was  found  to  be  disengaged,  without 
t[ie  possibility  of  its  having  been  furnished  by  the  materials 
used  in  the  process.  .The  minute  operations  and  experi- 
ments performed  by  Dr.  H.,  to  prove  the  existence  of  oxy- 
gen in  ammonia,  tend  to  contirm  fully  Mr.  Davy's  opinions 
and  experiments  on  the  base  of  this  substance. 

Dec.  15.  The  reading  of  the  Bakerian  Lecture  hv 
Humphry  Davy,  Esq.,  Sec.  R.  S.  "  On  some  Analytical 
Researches,  conccrmng  /he  Elemcrds  of  certain  Bodies ;  vith 
someObservations  on  Chemical  llicory"  commenced. — In  the 
Introduction,  Mr.  Davy  observed,  that  his  objects  in  these 
inquiries  were  to  ascertain  precisely,  the  nature  of  the  ele 
incuts  of  ammonia,  and  the  alkaline  substances  ;  to  attempt 
'  the 
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the  decomposition  of  sulphur,  phoSi)horus,  the  boracic, 
muriatic,  arid  fluoric  acids  ;  and  to  ascertain  the  nature  of 
the  diamond,  plumbago,  and  charcoal. 

The  second  section  was  upon  ammonia  and  its  elemcnls. 
— In  this,  he  particularly  examined  the  action  of  ammonia 
and  potassium  ;  a  process,  from  which  M.  M.  Gay  Lussac 
and  Thenard,  had  concluded  that  potassium  might  be  a 
compound  of  hydrogen  and  potash.  He  showed,  by  a  va- 
rietv  of  experiments,  that  their  conclusions  cannot  be  ad- 
mitted ;  and  that  ir\  this  operation,  it  is  the  ammonia,  and 
not  the  potassiusn,  which  is  decomposed, 

Mr.  DavyjJescribfid  in'  the  course  of  this  investigation, 
two  new  substances,  one  a  compound  of  the  oxide  oF  po- 
tassium and  ammonia,  and  the  other  a  compound  of  the 
oxide  of  potassium  and  nitrogen.  This  last  inflames  s}>on- 
taneously  by  exposure  to  air,  and  produces  potash  and  ni- 
trogen; and  it  acts  violently  upon  water,  and  by  its  action 
upoii  water,  generates  potash  and  ammonia. 

From  the  general  tenour  of  these  experiments,  Mr.  Davy 
seemed  inclined  to  infer  that  nitrogen  in  its  aeriform  state, 
is  not  a  simple  body  ;  but  that  it  contaius  oxygen,  and  in 
its  combination  with  the  oxide  of  potassium  it  possesses  me- 
tallic properties. 

Dec.  23.  The  reading  of  Mr.  Davy's  Bakenan  Lecture 
was  continued.  The  third  section  was  concerning  the  de- 
composition of  sulphur.  He  detailed  a  number  of  elaborate 
cxpernncnts  made  upon  it  by  means  of  Vohai'^  electricity, 
and  by  the  action  of  potassium  ;  from  which  he  inferred, 
that  it  is  a  triple  compound  of  oxygen,  hydrogen,  and  a  pe- 
culiar basis. 

In  tliis  section  he  detailed  an  account  of  a  most  curious 
fact,  of  the  brilliant  combusticn  of  potassium  in  sulphu- 
retted bydroiicn  gass,  proving  distmctly  that  this  gas  which 
has  long  been  known  to  possess  acid  properties,  contains 
oxygen. 

The  fourth  section  was  on  the  decomposition  of  phospho- 
rus, which,  like  sulpnur,  enters  nito  ignition,  out  of  the 
contact  of  air  with  potassium,  and  emits  phosphuretlcd  hy- 
drogen gas  whoa  aeltd  uu  by  electricity. 

He 
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He  considered  phosphorus  as  a  compound  of  A.  small 
quantity  of  oxygen  and  hydrogen,  with  a  peculiar  hasis  ; 
and  both  sulphur  and  phosphorus,  as  analogous  to  the  resi- 
nous and  oily  bodies,  except  that  the  base  of  these  last  bo- 
dies is  carbon. 

In  the  fifth  section,  plumbago,  charcoal,  and  the  diamond, 
were  considered  as  to  th-^ir  affections  by  the  new  methods 
of  analysis.  Plumbago,  Mr.  Davy  considers  as  a  combi- 
nation of  the  pure  carbonaceous  element  and  iron.  Char- 
coal, as  a  compound  of  the  carbonaceous  element  and  a  lit- 
tle hydrogen  :  and  the  diamond,  as  composed  of  the  same 
element  with  a  minute  quantity  of  oxygen. 

In  the  sixth  section,  the  decomposition  and  composition  of 
the  boracic  acid  are  detailed.  This  acid  is  decomposed  both 
by  voltaic  electricity  and  the  action  of  potassiun) ;  and  its 
base,  by  being  combined  with  oxygen,  reproduces  boracic 
acid,- — thus  confirming  former  analogies. 

The  reading  of  the  remainder  of  the  lecture  was  deferred 
till  the  next  meeting  of  the  Society  in  January. 

By  attending  to  the  second  reading  of  Mr.  Children's 
paper  on  galvanic  batteries,  we  find  that  we  reported  it  in- 
correctly in  our  last  number  (p.  185  of  this  volume).  Mr. 
Children  staled  that  batteries  with  large  plates  should  be 
used  for  operations  on  perfect  conductors,  and  small  plates, 
in  great  numbers,  for  operations  on  imperfect  conductors. 
This  principle  is  of  great  importance  in  the  construction  of 
the  niachine. 

WERNERIAN  NATURAL  HISTORY  SOCIETY. 

At  the  meeting  of  this  Society,  10th  December,  the  se- 
cretary read  a  communication  from  the  Rev.  John  Fleming 
of  Bressay,  describing  a  Narwhal  or  Sea  Unicorn,  of  the 
sort  denominated  Le  Narwal  microcephale,  by  La  Cepede, 
which  had  been  lately  cast  ashore  alive  at  Weisdale  Sound 
in  Mainland,  the  largest  of  the  Zetland  islands.  The  de- 
scription was  accompanied  with  a  correct  drawing  of  the  ani- 
mal, which  is  to  be  engraved. 

At  the  same  meeting.  Dr.  Ogilby,  of  Dublin,  read  a 
Vol.  3.2.  No.  127.  Dec.  1808.  A  a  paper 
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paper  on  the  Transition  Greenstone  of  Fassnet  in  East  Lo- 
thian, which,  besides  much  valuable  mincralogical  infor- 
mation, contained  a  satisfactory  answer  to  the  query  pro- 
posed some  time  ago  by  Professor  Jameson,  in  regard  to  the 
geognoslic  relations  of  the  rocks  of  this  tract  of  country. 
The  descriptions  of  the  individual  rocks,  and  their  general 
and  particular  geognostic  relations,  were  detailed  with 
ability;  and  the  interest  of  the  whole  was  increased  by  acute 
observations  on  the  mode  of  examining  and  discriminating 
rocks, — a  subject  of  high  value,  particularly  to  those  who 
may  be  employed  in  examining  the  mineralogy  of  a  country. 
The  following  gentlemen  have  been  elected  office-bearers 
of  this  Society  for  1809: 

President  :  Robert  Jameson,  esq.,  Pr.  Nat.  Hist.  Ed. 

Vice-presidents  :  Dr.  Wright,  Dr.  Macknight,  Dr.  Bar- 
clay, and  Dr.  Thomson. 

Of  the  Council :  Gen.  Dirom,  Col.  FuUcrton,  C.  S.Men- 
teith,  esq..  Dr.  Home,  Dr.  Yule,  James  Russell,  esq.,  C. 
Anderson,  esq.,  and  C.  Stewart,  esq. 

Treasurer:  Patrick  Walker,  esq. 

Secretary  :  Patrick  Neill,  esq. 


Lin.  Intelligence  and  Miscellaneous  Articles. 

MR.  DAVY's  theory, 
"Mr.  TiLLOCH, — SIR, 

ir  ROFESSOR  Davy  this  day,  in  his  lecture  on  che- 
mical affinity  at  the  Royal  Institution,  brought  forwards 
(not  indeed  for  the  first  time)  his  theory,  that  chemical  af- 
finity was  the  effect  of  opposite  statcj  of  electricity.  This 
theory  he  proposed  with  all  that  diffidence  and  hesitation 
which  are  ever  inseparable  from  the  man  of  true  science  in 
such  matters.  Having  stated  that  bodies  which  are  possess- 
ed of  chemical  affinity  are  also  naturally  in  opposite  slates 
of  electricity,  and  that  this  affinity  is  dependant  upon  their 
state  of  electricity,  he  proceeded  to  illustrate  the  doctrine 
in  various  ways,  giving  examples  of  this  dependence,  and 
showing'"  that  bodies  which  have  iheir  states   of  electricity 

altered 
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altered  by  means  of  the  galvanic  apparatus,  have  at  the 
same  time  their  chemical  affinities  also  altered.  Thus  a  body 
which  is  naturally  positive,  but  only  in  a  low  degree,  will 
have  a  very  weak  attraction  for  oxygen,  which  is  naturally 
negative ;  but  exalt  this  naturally  low  positive  state  by 
means  of  the  apparatus,  and  its  attraction  for  oxygen  shall 
be  strong  in  proportion  : — for  example,  silver,  which  is  na- 
turally positive  in  a  low  degree,  is  incapable  of  acting  upon 
water  3  but  if  y<^u  exalt  this  natural  state  of  electricity,  by 
means  of  the  galvanic  apparatus,  it  will  become  capable  of 
extracting  the  oxygen  from  it. 

'*  As  a  further  illustration  of  the  theory  he  stated,  that  if 
the  states  of  electricity  of  bodies  which  naturally  were  pos- 
sessed of  strong  chemical  affinity  were  by  means  of  the  ap- 
paratus entirely  reversed,  the  consequence  would  be  a  dis- 
luiion  and  destruction  of  the  compound  which  they  formed 
in  consequence  of  their  natural  affinities. 

**  To  prove  this,  the  following  experiment  was  performed  : 
— Moistened  sulphate  of  potash  was  placed  in  the  galvanic 
circle,  and  presently  it  was  decomposed ;  potash  appearing 
at  the  negative  and  sulphuric  acid  at  the  positive  side.  This 
effect  is  produced,  says  Mr.  Davy,  by  the  action  of  the  gal- 
vanic apparatus  inducing  a  state  of  electricity  in  the  sul- 
phuric acid,  the  reverse  of  that  which  is  natural  to  it,  and 
the  same  in  the  potash  ;  and  in  consequence  these  two  sub- 
stances, instead  of  combining,  actually  repel  each  other,  and 
are  found  on  opposite  sides  of  the  vessel  in  which  they  were 
placed  in  combination,  the  acid  at  the  positive  side  and  the 
potash  at  the  negative. 

''  Mr.  Davy  seemed  to  rely  much  upon  this  experiment  ; 
but  his  explanation  of  it,  if  I  did  not  much  misunderstand 
him,  seems  to  militate  against  the  doctrine  he  brought  it 
forw  ard  to  support ;  for  he  explained  it  upon  this  principle  : 
that  the  natural  electricities  of  two  bodies  which  were  in 
chemical  union,  being  by  means  of  the  aalvanic  apparatus 
reversed,  they  would,  as  a  natural  consequence,  repel  each 
other,  and  thus  be  found  in  a  separate  state  in  the  vessel  in 
which  the  compound  was  placed. 

*'  This  experiment,  as  abave  explained,  does  not  seem  to 
A  a  2  afford 
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afford  any  support  to  the  theory,  nor  does  it  appear  to  me  to 
offer  a  satisfactory  explanation  ;  for  in  the  first  place,  the  sul- 
phuric acid  and  the  potash  being  placed  in  the  galvanic  circle 
in  a  stale  of  chemical  union,  it  is  not  shown,  nor  is  it  easy 
to  conceive,  how  a  state  of  electricity  contrary  to  the  natural 
one  should  be  induced  in  the  acid  and  potash,  rather  than 
that  their  natural  electricities  should  be  raised  and  their  union 
rendered  stronger;  and  secondly,  supposing  the  change  in 
the  electricities  to  have  taken  place,  then  the  acid,  having 
become  positive,  ought,  according  to  the  true  principles  of 
the  theory,  to  unite  with  the  potash  which  is  become  nega- 
tive; and  this  for  precisely  the  same  reason  that  they  united 
when  the  acid  was  negative  and  the  potash  positive. 

"  I  am  inclined  to  think,  however,  that  the  true  explanation 
of  the  above-mentioned  experiment  is  the  following  :  The 
positive  and  negative  points  of  the  battery  act  upon  the 
moistened  sulphate  of  potash  precisely  in  the  same  way 
that  any  neutral  salt  would  act,  which  might  have  the  power 
of  decomposing"  it,-  the  basis  corresponding"  to  the  positive 
side  cf  the  apparatus,  and  the  acid  to  the  negative. 

"Thus  the  basis  of  the  neutral  salt,  wliich  might  be  capa- 
ble of  decomposing  the  sulphate  of  potash,  would  be,  like  the 
positive  side  of  the  apparatus,  in  a  higher  state  of  electricity 
than  the  potash,  afid  consequently  would  attract  the  sul- 
phuric acid  from  it,  and  the  acid  of  the  same  neutral  salt 
being  also,  like  the  negative  side  of  the  apparatus,  in  a  higher 
state  of  electricity  than  the  sulphuric  acid  of  the  sldphate  of 
potash,  would  attract  the  potash,  and  two  new  salts  would 
thus  be  formed. 

*'  }t  is  thus,  I  conceive,  that  the  decomposition  of  the 
sulphate  of  potash  in  the  experiment  above  mentioned  is 
effected  by  the  galvanic  apparatus;  for  the  negative  side,  being 
in  a  higher  state  of  electricity  than  the  sulphuric  acid,  will 
attract  the  potash  ;  and  the  positive  side,  being  in  a  higher 
slate  than  the  potash,  will  attract  the  sulphuric  acid. 

"  Hence  the  reason  that  the  sulphuric  acid  and  the  pot- 
ash refuse  to  unite,  though  stated  to  be  in  opposite  states  of 
electricity,  and  not  because  their  natural  states  have  beea 
changed;  for  the  last  reason  is  in  direct  contradiction  to  other 

facts 
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facts  brought  forward  to  illustrate  the  theory,  which  shov/ 
that  a  body  having  its  natural  state  of  electricity  reversed, 
will  become  capable  of  attracting  another  which  previously 
it  repelled. 

**  If,  by  inserting  the  above  observations  in  your  Maga- 
zine, you  should  cause  them  to  be  either  confuted  or  con- 
firmed, you  will  much  oblige  your  humhjc  servant, 

Dec.  24,  1808.  "Auditor." 

LECTURES. 

Mr.  Sowerhfs  Lecture  on  Chrnmalometry . — On  the  12tK 
and  lyth  of  December,  Mr.  Sowerby,  author  of  British 
Mineralogy,  &c.,  delivered  his  long  promised  Lectijre  pa 
Chromatometry,  at  his  house  in  Mead-Place,  near  the  Asy- 
lum. This  Lecture,  the  object  of  which  is  to  point  out  a  new 
and  very  ingenious  mode  of  ascertaining  the  arranocuient, 
mixture,  and  measure  of  prismatic  tints,  and  to  show 
their  correspondence  with  material  colours,  was  accom- 
panied by  an  exhibition,  in  which  the  prismatic  tints  were  x 
produced,  as  from  the  sun,  moon,  and  stars,  the  sun  as  seen 
from  the  diflferent  planets,  and  a  productdr,  60  feet  long, 
measuring  an  infinite  scries  :  also  the  material  and  prismatic 
tints  forn);ng  mixtures  in  union;  with  the  efTect  as  from  cau- 
dles, and  liambeaus,  and  a  sort  of  prismatic  illumination, 
with  different  lustres,  from  Uietals,  &c.  The  whole  was 
elucidated  with  apparatus  of  a  new  and  original  kind,  which 
promises  to  assist  the  philosopher  in  very  much  extending 
our  knowledge  on  this  subject. — Mr.  Sowerby  contiriues  to 
repeat  the  Lecture  every  Monday,  and  has  announced  a  work 
illustrative  of  his  discoveries. 

Theatre  of  Anatojny . — Mr.  Taunton  will  commence  his 
Spring  Course  of  Lectures  on  Anatomy,  Physiology,  Pa- 
thology, and  Surgery,  on  Saturday  the  2 1st  of  Januarv,  1809, 
at  Eight  o'clock  m  the  Evening.  In  the  Course  of  these 
Lectures  Mr.  Taunton  will  take  a  view  of  the  Structure  and 
CEconomy  of  the  Human  Body,  and  describe  the  Causes, 
Sympton)s,  Nature,  and  Treatment  of  Surgical  Diseases,  with 
the  Mode  of  performing  Operations.  The  Course  wiil  be 
calculated  to  aiford  Anatomical  and  Physiological  Instruction, 
not  only  to  the  Medical  Student,  but  to  the  Artist,  or  pri- 
vate Gentleman.  Particulars  may  be  had  on  Application  to 
Mr.  Taunton,  Greville-Street,  ilatton  Garden. 

London 
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London  Hospital. — Dr.  Buxton's  Lectures  on  the  Theory 
and  Practice  of  Medicine,  and  on  Materia  Medica,  will  he 
corninenced  about  the  20th  of  January,  JSO9.  For  parti- 
culars apply  to  Mr.  Price,  apothecary,  at  the  Hospital,  or 
to  Dr.  Buxton,  Fenchurch-Street. 

It  is  witli  extreme  regret  that  we  announce  the  death  of 
Dr.  Bcddues.  He  died  at  Hotwells,  Bristol,  on  Saturday 
the  24th  of  December. 

LIST    OF    PATFNTS    FOR    NEW    INVENTIONS. 

To  Edward  Thomason,  of  Birmingham,  in  the  county  of 
Warwick,  nianuiacturer,  for  his  various  improvements  in 
the  construction  of  umbrellas  and  parasols.  Oct.  8,   1809. 

To  Richard  Treviihick,  of  Rotherhilhe,  in  the  county  of 
Surrey,  engineer,  and  Robert  Dickinson,  of  Great  Oueen- 
Streel,  in  the.  county  of  Middlesex,  esq.,  for  their  new  me- 
thod or  way  of  stowing  cargoes  of  ships  and  other  vessels, 
by  means  of  packages,  for  containing  goods  and  products  of 
certain  descriptions,  destined  tor  conveyances  by  sea,  not 
hitherto  employed,  by  which  means  expenses  of  stowage 
room  will  be  saved,  and  the  contents  be  rendered  more  se- 
cure from  damage.     October  31. 

To  Henry  Van  Wart,  of  Liverpool,  in  the  county  pala- 
tine of  Lancaster,  merchant,  that,  in  consequence  of  a  com- 
munication made  to  him  by  Isaiah  Jennings,  a  citizen  of 
the  United  States  of  America,  he  is  in  possession  of  a  method 
of  making  a  machine  for  manufacturing  thimbles  for  the 
sails  of  ships  and  vessels,  and  for  all  sorts  of  rigging  and 
other  purposes.     October  31. 

''  To  Joseph  Anthony  Berrollas,  of  Denmark  Street,  in  tlie 
parish  of  Saint  Giles  in  the  Fields,  in  the  county  of  Mid- 
dlesex, v\aich  maker,  for  his  new-invented  method  of  making 
infallible  rejJLating  watches.     October  31. 

To  Zdchariah  Barratt,  of  Croydon,  in  the  county  of  Sur- 
rey, gent.,  for  his  new  invented  machine  for  washing  lincu 
and  cotton  clothes,  and  other  similar  thnigs,  to  which  may 
Be  affixed  or  omitted  at  pleasure  a  contrivance  for  pressing 
the  water  from  them,  now  done  by  wringing.  Oct.  31. 
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METEOROLOGICAL    TABLE, 

By  Mr.  Carev,  of  the  Strand, 

For  December  180S. 

Thermometer.     | 

'^■"Z 

Days  of  the  ' 
Alonth.      ^ 

£ 

J. 

Height  of 

ne  Bdrom. 

Inches. 

Weather. 

Nov.   27 

51° 

47*^ 

35« 

29-45 

0      Stormy 

28 

31 

40 

34 

•82 

10 

''air 

29 

34 

39 

42 

•68 

0     ] 

Uin 

30 

46 

47 

40 

•28 

7 

"air 

Dec.      1 

44 

48 

44 

•50 

10 

Fair 

2 

44 

49 

42 

•25 

26 

"air 

3 

43 

48 

45 

•41 

30 

Fair 

4 

45 

46 

36 

30-12 

25 

Fair 

5 

36 

48 

50 

•19 

10 

Clniidv 

6 

48 

52 

41 

29^81 

9 

Cloudy 

7 

35 

43 

38 

•89 

15 

Fair 

8 

36 

43 

41 

•98 

35 

Cloudy 

9 

41 

43 

35 

•92 

25 

Fair 

10 

35 

40 

35 

30-10 

10 

Foggy 

11 

36 

37 

31 

•25 

5 

Foggy 

12 

37 

43 

39 

•26 

4 

Foggy 

13 

40 

37 

35 

•32 

0 

Foggy 

14 

35 

39 

34 

•23 

5 

Cloudy 

15 

36 

38 

33 

•11 

10 

Fair 

16 

34 

36 

32 

•05 

25 

Fair 

17 

33 

35 

25 

29*48 

0 

Rain  h  snow-, 
with  h.  wind. 
At  8  o'cl.  in 
the  even--  the 
therm,    stood 
at  22  degrees 

18 

25 

30 

30 

•60 

21 

Fair 

1£ 

30 

30 

29 

•63 

7 

Cloudy 

2C 

25 

'■29 

25 

•75 

10 

Fair 

21 

20 

30 

30 

•79 

4 

Cloudy 

2^ 

J    31 

3i 

31 

•04 

0 

Snow 

2: 

i    28 

29 

28 

•40 

2 

Cloudy 

2- 

I    32 

32 

28 

•56 

0 

Cloudy 

2. 

5    '27 

31 

30 

•50 

0 

Cloudy 

2 

3    22 

31 

31 

•49 

2 

Cloudy 

I 

^.B.  T 

he  Barometer's  iieight  is  taken  atont 

o'clock. 

^^  The  binder  is  desired  to  suppress  the  Title-page  given  with  No.CXXV 
and  to  substitute  the  ont  iir  the  present  number. 
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